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A . P R O J E C T T A S K O R G A N I Z A T I O N

A 3 P R O J E C T M A N A G E M E N T
U.S. Environmental Protection Agency

Paul PeronardOn-Scene Coordinator (Primary Contac t)Libby, MT Response
J o h a n n a M i l l e r ( S e c o n d a r y C o n t a c t )On-Scene Coord ina torLibby, MT Response
Doug S k i e , DirectorEmergency Response ProgramEcosystems Protec t ion and Remedia t ion
E P A Region V I I I Sci enc e a n d M e d i c a l Advi s or s :
Chri s t opher P. Weis , PHD, DABTRegional T o x i c o l o g i s tS c i e n t i f i c S u p p o r t C o o r d i n a t o r f o r t h e ResponseEcosystems Protection and Remediation
Aubrey M i l l e r , M D , M P H .M e d i c a l C o o r d i n a t o r f o r Environmental Emergenciesand H a z a r d sU . S . P u b l i c H e a l t h Service Region 8 andUSEPA Region 8

A 4 P R O B L E M D E F I N I T I O N a n d B A C K G R O U N D
Problem: T h i s s a m p l i n g p l a n has been deve l oped in response to requests from theS t a t e o f M o n t a n a , L i n c o l n County H e a l t h Board ( m e e t i n g minute s , 1 1 / 2 3 / 9 9 ) , a n d C i t y o f f i c i a l sof Libby, MT, to address questions and concerns raised by citizens of Libby r e g a r d i n g p o s s i b l eongo ing exposures to asbestos f i b e r s as a re sul t of h i s t or i ca l m i n i n g , proce s s ing ande x p o r t a t i o n of a sbe s to s-containing vermicul i t e . Over 60 years of m i n i n g , m i l l i n g , p a c k a g i n g ands h i p p i n g of vermiculite at the mine and associated proper t i e s resulted in the environmentalrelease of asbestos f i b e r s d u r i n g m i n i n g o p e r a t i o n s ( M c D o n a l d et al., 1986; A m a n d u s et al.,
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1987; Amandus and Wheeler; 1987; Amandu s et al., 1978). Since closure of the mine in 1990,it is expected that p r o d u c t i o n - r e l a t e d emissions have been g r e a t l y reduced or e l i m i n a t e d .However, there are p r e s e n t l y i n s u f f i c i e n t data to conclude that current exposures to res idents inLibby and the surrounding area and occasional recreational visi tors to the f o rmer mining areasare n e g l i g i b l e . The purpose of this sampling effort is to acquire information suitable forsupporting an exposure and risk assessment for current environmental conditions inLibby.
Background: Asbestos is a generic term for a group of six naturally-occurring, f i brouss i l icate minerals that have been wide ly used in commercial produc t s . Asbestos minerals fallinto two g r o u p s or classes: s e r p e n t i n e asbestos and a m p h i b o l e asbestos. S e r p e n t i n easbestos, which inc lude s the mineral chryso t i l e , a magnes ium s i l i ca t e mineral , possessesrelatively long and f l e x i b l e c ry s ta l l in e f i b e r s that are capab l e of being woven. A m p h i b o l easbestos, which inc lude s the minerals amosite, croc idol i t e , t r emo l i t e , a n t h o p h y l l i t e , anda c t i n o l i t e , f o rm c r y s t a l l i n e f i b e r s that are s u b s t a n t i a l l y more b r i t t l e than s e rpen t ine asbestos.
Asbestos is of po tent ial hea l th concern because chronic inha la t i on exposure toexcessive level s of asbestos f i b e r s s u s p e n d e d in air can result in l u n g disease such asasbestosis, meso the l ioma, and l u n g cancer. Figure 1 pre s ent s a p r e l i m i n a r y Site C o n c e p t u a lM o d e l which i d e n t i f i e s exposure pa thways by which asbestos f i b e r s f r o m min ing-r e la t edsources might become entrained in air in Libby, l e a d i n g to inha la t i on exposures of residents orworkers. The site conceptual model will be r e f i n e d as site da ta are acquired and an improvedu n d e r s t a n d i n g of actual t ranspor t and exposure pathways is achieved.
Approach: This s a m p l i n g p l a n describes the efforts p lanned by EPA to monitor andcharacterize asbes tos-containing mat er ia l s in and about the v i c in i ty of Libby. The p l a n will becomposed of two phases:

Phase 1: This is a rapid p i l o t- s ca l e inves t igat ion that has two main objectives:
a) Obtain i n f o r m a t i o n on airborne asbestos l e v e l s in L i b b y in order to j u d g ewhether a time-critical intervention is needed to protect p u b l i c heal th.
b) Obtain data on asbestos l eve l s in p o t e n t i a l source mater ia l s , and identify the. most a p p r o p r i a t e ana ly t i ca l methods to screen and q u a n t i f y asbestos in sourcematerials.
Phase 2: This will consist of a systematic e v a l u a t i o n of asbestos l eve l s in air inL i b b y and in a p p r o p r i a t e background l o ca t i on s , a l o n g with a sys t ematic inve s t iga t i on toidentify the actual or p o t e n t i a l source(s) and release mechani sm(s) of asbestos in L i b b yand the surrounding area. The i m p l e m e n t a t i o n , pace and scope of Phase 2 and themethods used to col lect and analyze s ampl e s in Phase 2 will be determined in large partby the r e su l t s of the Phase 1 pilot s tudy.
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I n t e r p r e t a t i o n . Analy s e s of asbestos f i b e r s in air and other site media w i l l determine thepot ent ia l (or lack of p o t e n t i a l ) for human inhala t i on exposure under present conditions. Theenvironmental f a t e and transport of asbestos f i b e r s may be such that present measurementcondi t ions (e.g. weather) a n d / o r measurement techniques in t er f er e with the ab i l i ty to i d e n t i f ya n d / o r q u a n t i f y asbestos f i b e r s in relevant exposure media ( s o i l , d u s t , air, or water). T h u s ,while conclusions drawn from the imp l emen ta t i on of this s tudy are a p p l i c a b l e to the presentconditions at the site, they do not necessarily re f l e c t conditions which may deve lop in thefu ture .
A 5 P R O J E C T T A S K D E S C R I P T I O N

To the extent p o s s i b l e , s a m p l i n g wil l be conducted such that data wi l l be m e a n i n g f u l forhuman exposure and risk assessment. Because the chief exposure pathway is air, emphas i swil l be p laced on c o l l e c t i on of air sample s . In a d d i t i o n , to h e l p i d e n t i f y p o t e n t i a l sources andtransport pathways for asbestos, sample s of various bulk material s (mine waste, soil , dust ,water, s ed iment) wil l also be co l l ec t ed in res idential and non-residential areas.
Phase 1

Basic tasks needed to c ompl e t e Phase 1 are l i s ted below:
1. C o l l e c t s ample s of air, so i l , dust , water, and in su la t i on f r o m selected loca t ions inand around town, i n c l u d i n g a number of r e s i d en t ia l a n d / o r commercial locat ions ,as well as su spec ted source areas such as h i s t or i ca l m i n i n g / p r o c e s s i n g / l o a d i n gf a c i l i t i e s .
2. P e r f o r m asbestos analyses on all air s a m p l e s and a selected set of the dus t , soil,i n s u l a t i o n and water s a m p l e s (those j u d g e d to be most l i k e l y to have either "high"or "low" concentrat ions) in order to obtain p r e l i m i n a r y i n f o r m a t i o n on asbestoslevel s in air and other media, and to i d e n t i f y the op t imum conditions for co l l ec t ionand analysis of bu lk media.
At this time, the propo s ed s a m p l i n g for Phase 1 consists of co l l e c t i on of environmentalmedia f r o m a p p r o x i m a t e l y 30 residences and 3 p o t e n t i a l source areas. Res ident ia l s a m p l elocations will be selected from residences volunteering for m u l t i m e d i a s a m p l i n g . In add i t i on tothe col l ec t ion of sample s within the res idential area, sample s may also be collected incommercial warehouses, agricul tural b u i l d i n g s , or businesses in Libby, as needed to s u p p o r tthe ob j e c t ive s of the On Scene Coordinator. Potent ia l source area s a m p l e s w i l l be co l l e c t eda l o n g the mine road (Rainy Creek Road) and at the F o r m e r V e r m i c u l i t e L o a d i n g f a c i l i t y near theintersection of Rainy Creek Road and H i g h w a y 37.
M e d i a s a m p l e s w i l l be c o l l e c t e d according to S t a n d a r d O p e r a t i n g Procedures providedby C O M , Inc. or as prov id ed in the a t ta chment s to th i s S a m p l i n g and Q u a l i t y Assurance P l a n .
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Phase 2
The p u r p o s e of Phase 2 is to d e s i g n and i m p l e m e n t a sys t ematic program of s a m p l ec o l l e c t i o n and a n a l y s i s to fu l ly characterize l ev e l s o f h e a l t h risk f r o m long-term i n h a l a t i o nexposure to asbestos in air, and to i d e n t i f y any actual or p o t e n t i a l sources and releasemechanisms of asbestos. S p e c i f i c tasks needed to i m p l e m e n t Phase 2 wi l l be selected a f t e rc o m p l e t i o n of Phase 1.

A 6 Q U A L I T Y O B J E C T I V E S a n d C R I T E R I A f o r M E A S U R E M E N T D A T A
Two t y p e s of ob j e c t ive s are i d e n t i f i e d in th i s q u a l i t y assurance pro j e c t p l a n (QAPP):general ob j e c t ive s and data q u a l i t y ob j e c t iv e s (DQOs). Genera l ob j e c t ive s are s tatements ofpract i cal goal s tha t , if r ea l i z ed , will s u b s t a n t i a l l y contribute to achieving the purpo s e of thes tudy. Development of DQOs is a process that is in t ended to ensure that task ob jec t ive s arec l e a r l y d e f i n e d and that data c o l l e c t e d are a p p r o p r i a t e and of s u f f i c i e n t q u a l i t y to s a t i s f y theobject ives .

Phase 1 General Objec t ive 1
Determine whether current airborne levels of asbestos in Libby are high enough towarrant a time-critical intervention.

Phase 1 General Objec t ive 2
Obtain preliminary data on asbestos concentrations in potential source materials for air(e.g., dust, soil, mine waste), and determine the optimum conditions for sampling andquantifying asbestos levels in source materials.

Phase 2 General Objec t ive
The general objectives for Phase 2 is to collect reliable and systematic data on asbestoslevels in air and other media in Libby to allow a reliable evaluation of current humanexposure and health risk from asbestos as well as an identification of sources ofunacceptable levels of asbestos in air.

Data Q u a l i t y Objective Process
The DQO process can be an iterative process which is d e s i g n e d to f o c u s on thedec i s i ons that must be made and to h e l p ensure that the site ac t iv i t i e s that acquire da ta arel o g i c a l , s c i e n t i f i c a l l y d e f e n s i b l e , and cost e f f e c t i v e . The DQO process is in t ended to:
• Ensure that task ob j e c t i v e s are c l e a r l y d e f i n e d
• Determine a n t i c i p a t e d uses of the da ta
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• Determine what environmental data are necessary to meet these objectives
• Ensure that the data collected are of adequate quanti ty and qual i ty for the

intended use
The three stages of the DQO process are i d e n t i f i e d below and a discussion of how theyhave been a p p l i e d in the characterizat ion s tudy described herein. The three stages areundertaken in an interact ive and iterative manner, whereby all the DQO elements arec o n t i n u a l l y reviewed and re-evaluated until there is reasonable assurance that s u i tab l e data fordec i s ion making will be a t ta ined.

• S t a g e I - Identify Decision T y p e s : S t a g e I d e f i n e s the types of decisions that will bemade by i d e n t i f y i n g da ta uses, e v a l u a t i n g a v a i l a b l e da ta , d e v e l o p i n g a conceptualmode l , and s p e c i f y i n g ob j e c t iv e s f o r th e p r o j e c t . The conceptual model f a c i l i t a t e si d e n t i f i c a t i o n of decisions that may be made, the end use of the data co l l e c t ed , and thep o t e n t i a l d e f i c i e n c i e s in the ex i s t ing i n f o r m a t i o n .
• S t a g e I I - I d e n t i f y Data U s e s / N e e d s : S t a g e I I s t i p u l a t e s criteria f o r de termining dataadequacy. T h i s s tage involves s p e c i f y i n g the q u a n t i t y and q u a l i t y of da ta necessary tomeet the S t a g e I objectives. EPA's Data U s a b i l i t y f or Risk Assessment Guidanc e(DURA) o u t l i n e s general and s p e c i f i c r e commendat ions f o r data adequacy. T h i si n c l u d e s i d e n t i f i c a t i o n of da ta uses and da ta t y p e s , and i d e n t i f i c a t i o n of da ta q u a l i t y andquanti ty needs.
• S t a g e I I I - Des ign Data C o l l e c t i o n Program: S t a g e I I I s p e c i f i e s t h e methods b y whichdata of acceptable q u a l i t y and quanti ty wil l be obtained to make decisions. T h i si n f o r m a t i o n is prov ided in the SOP.

T h r o u g h u t i l i za t i on of the DQO process, as d e f i n e d in EPA guidance (EPA540-R-93-071and -078, Sep 1993), th i s QAPP w i l l use several terms that are s p e c i f i c a l l y d e f i n e d to avoidc o n f u s i o n that might result f r om any m i s u n d e r s t a n d i n g of the ir use. For each of the tasksi d e n t i f i e d wi th in thi s QAPP, a "Task Objective" i s s p e c i f i c a l l y d e f i n e d . The T a s k Objec t ive i s aconcise statement of the p r o b l e m to be addre s s ed by ac t iv i t i e s under this task. For each T a s kObjective, a decision (or series of deci s ions) is i d e n t i f i e d which addresses the problemcontained in the T a s k Objective.
For each decision, the data necessary to make the decision are i d e n t i f i e d and described.For al l a n a l y t i c a l da ta , q u a l i t y assurance ob j e c t ive s are s p e c i f i e d that describe the minimumq u a l i t y of da ta necessary to s u p p o r t the s p e c i f i e d dec i s ion or test the hypothe s e s . T h e s equal i ty assurance objec t ives are s p e c i f i e d as object ives for precision, accuracy,repre s enta t ivene s s , c o m p a r a b i l i t y , and comple t ene s s . In a d d i t i o n , da ta review and v a l i d a t i o nprocedure s are s p e c i f i e d in the QAPP that evaluate how we l l the a n a l y t i c a l da ta meet theseq u a l i t y assurance object ives and whether or not the data are of s u f f i c i e n t q u a l i t y for thein t ended usage.
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The f o l l o w i n g sections a p p l y the DQO process to the L i b b y P r o j e c t , S t a g e I and S t a g e II.Stage 111 is discussed later (see Sect ion B), but s a m p l i n g and analys i s methods presented inthis section are considered tentative and f i n a l decis ions on op t imum s a m p l i n g and analyt i ca lmethods will be delayed unti l the f i n d i n g s of Phase 1 are available.
DQO S t a g e I - I d e n t i f y i n g Decision T y p e s

S t a g e I of the DQO process i d e n t i f i e s a primary question and secondary questions thatneed to be resolved at the c o m p l e t i o n of the s a m p l i n g and analyse s program.
• PRIMARY QUESTION (Phase 1): Are current airborne levels of asbestos s u f f i c i e n t l yhigh to warrant a time-critical intervention?

SECONDARY QUESTION (Phase 1): What are the most l i k e l y sources of asbestos inair, and what are the best methods for q u a n t i f y i n g asbestos l evel s in po t en t ia l sourcematerials?

D Q O S t a g e I I - I d e n t i f y i n g Data U s e s / N e e d s

S t a g e II of the DQO process also determines what t y p e and q u a l i t y of data are neededto answer the questions d ev e l op ed in S t a g e I. EPA has d eve l oped a seven-step method ford e v e l o p i n g the DQOs. T h i s seven-step method is a p p l i e d below in order to d e f i n e the datarequirements needed to achieve the primary and secondary object ives of the Phase 1evaluation (and summarized in T a b l e 1).
Primary Objective: Evaluate The Need For Time-critical Action
1. Sta t e the Problem

The problem to be addres sed by this s tudy is that c i t izens of Libby a p p e a r to have anincreased incidence of asbestos-related disease, but there are no data to determine if thisdisease is a t t r i bu tab l e s o l e l y to historic exposures , or whether current exposures are ofcontinuing heal th concern.
2. Identify the Decision

The f ir s t decision to be made is whether or not time-critical intervention is needed toprotect p u b l i c health. If current exposures are not h igh enough to warrant time-criticalintervention, the next decis ion is whether or not non-time-critical remedial action is needed.
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3. Identify I n p u t s to the Decision
Decisions on the need for time-critical intervention or non-time-critical remediation wil l bebased on estimated risk of lung disease in current residents and workers in Libby. Two typesof lung disease are of concern: asbestosis (a non-cancer e f f e c t ) and l u n g cancer andmesothelioma (cancer e f f e c t s ) . Limited data suggest that chronic exposures to chrysotile f i b e rlevels of 5-20 f/mL can cause asbestotic changes (ATSDR 1999), but data are not s u f f i c i e n t toderive a rel iable chronic MRL or RfC for asbestosis. However, methods have been establishedfor est imating the excess risk of lung cancer a n d / o r mesothel ioma, and it is considered l i k e l ythat exposure levels that protect against unacceptable risk of l u n g cancer/mesothelioma (in therange of 0.1 to 0.0001 f/mL; see below) wi l l also protect against unacceptable risk of

asbestosis.
The basic equation used to estimate cancer risk is:

Risk = Concentration (f/mL) * Unit Risk (risk per f/mL)
T h u s , the data needs are an estimate of airborne asbestos concentration and an

estimate of cancer risk per unit concentration.
Measurement of Asbestos Concentration in Air

T h e r e are a number of techniques for measuring asbestos f i b e r s in air, all of which arebased on visual i d e n t i f i c a t i o n of s tructures as asbestos f i b e r s . Most h i s t or i ca l human h e a l t hdata and many r e g u l a t o r y l i m i t s for asbestos exposure in air are based upon asbestos f i b e rconcentrations measured using phas e contrast microscopy (PCM) (see T a b l e 2). In thismethod , f i b e r material is d e f i n e d as having a l e n g t h >5 microns and an aspect ratio ( l e n g t h todiameter rat io) of three or more. Resu l t s are g e n e r a l l y reported as f i b e r s per milliliter of air( f / m L ) .
More recently, a number of other m e t h o d s have been d e v e l o p e d for quant i ta t ive orqua l i t a t i v e measurement of asbestos f i b e r s in air, i n c l u d i n g t ransmi s s ion electron microscopy(TEM), and x-ray di f frac t ion (XRD). T h e s e methods are g e n e r a l l y more sensit ive than PCM,and also a l l o w v i sua l i za t i on and q u a n t i f i c a t i o n of asbestos f i b e r s that are th inner than thosev i s i b l e under PCM. This is i m p o r t a n t because it is l i k e l y that the t o x i c i ty of l o n g th in f i b e r s isgreater than that of shorter thicker f i b e r s (Berman et al., 1995). Based on th i s , asbestos f i b e r sin air w i l l be q u a n t i f i e d by TEM. Deta i l ed rules for i d e n t i f y i n g asbestos f i b e r s of b i o l og i ca lconcern by TEM are p r o v i d e d in ISO method 10312. T h i s method is an international s tandardprocedure that is recommended for q u a n t i f y i n g asbestos f i b e r s that are believed to be the chiefsource of human h e a l t h concern (Berman and C r u m p 1999).
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Unit Risk for Asbestos in Air
It is mandatory that the unit risk value used to ca l cu la t e cancer risk be based on thesame type of asbestos measurement technique as used to q u a n t i f y asbestos concentration inair. T h a t is, it is not correct to e s t imate risk by m u l t i p l y i n g a concentration based on TEM f i b e r sper ml by a unit risk based on PCM f i b e r s per ml. T h u s , risk-based values shown in T a b l e 2cannot be used to interpret measurements based on TEM. EPA has d e v e l o p e d a model forp r e d i c t i n g risk f rom mesothel ioma and l u n g cancer f r o m T E M - b a s e d measurements ofasbestos in air (USEPA 1986), and this method has been revised and improved by Berman andC r u m p ( 1 9 9 9 ) to incorporate the i n f l u e n c e o f f i b e r l e n g t h . The risk fa c t or s f or the m o d i f i e dmesothe l ioma and l u n g cancer model are summarized in T a b l e 3. N o t e that the risk f a c t o rdepend s not only on the number of TEM f i b e r s greater than 5 urn in l eng th , but also on thef r a c t i o n of all f i b e r s that are l onger than 10 um.

The toxici ty fac tor s shown in T a b l e 3 are based on the best data currently ava i lab l e , butit is i m p o r t a n t to recognize that these t ox i c i ty f a c t o r s are uncertain. T h i s is because the valuesare derived f r o m s tud i e s in which impor tan t d e t a i l s of exposure ( l e v e l , dura t i on , f i b e r sized i s t r i bu t i on , etc.) are not always known. In par t i cu lar , the importance of f i b e r size ( l e n g t h ,t h i c k n e s s ) and f i b e r t y p e ( t r e m o l i t e , c h r y s o t i l e , etc.) on t ox i c i ty i s di f f icult to q u a n t i f y andremains a source of discussion.
4. D e f i n e the S t u d y Boundarie s
Spatial Bounds

The s p a t i a l bounds to be inve s t iga t ed in this p r o j e c t i n c l u d e the community of Libby, andareas associated with f ormer mining activities near the town. A p p r o p r i a t e background areasmay be se lec ted for comparative evaluat ion.
Temporal Bounds

Asbes to s f i b e r s enter air mainly as a result of re suspens ion due to mechanicaldi s turbance or wind erosion. Because mechanical and wind force s may vary s u b s t a n t i a l l y overt ime, asbestos l ev e l s in air are also expec ted to vary s u b s t a n t i a l l y over time. T h u s , e s t imatesof l o n g term average concentrations are inherent ly p r e f e r a b l e to measurements based on grabs ampl e s . T h e r e f o r e , m u l t i p l e s a m p l e s of air w i l l be c o l l e c t ed over time at locat ions of interest.It is l i k e l y the h ighe s t l eve l s will tend to occur in summer, when source areas tend to be dry andwind and mechanical force s result in s i g n i f i c a n t dust resuspension.
5. D e v e l o p a Decision Rule

EPA must i d e n t i f y an actual or p o t e n t i a l threat to human h e a l t h or the environment inorder to i n i t i a t e a t ime-cri t ical in t ervent ion at a site. Based on current EPA g u i d e l i n e s , al i f e t i m e excess cancer risk of 1E-04 is considered to be at the u p p e r end of the accep tab l e risk
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range for chronic (lifetime) exposure. Based on th i s , this Phase 1 s tudy will use an excesscancer risk of about 1E-03 as the a p p r o p r i a t e boundary for deci s ion-making. T h a t is, ifasbestos l eve l s in air correspond to an est imated cancer risk of about 1E-03 or higher, timecritical actions to i d e n t i f y sources and f i n d a p p r o p r i a t e and e f f e c t i v e interventions wil l beconsidered. If estimated cancer risks from asbestos in Phase 1 air sample s do not exceed alevel of about 1E-03, then f u r t h e r s tudies may be pursued to determine if risk levels mightexceed 1E-03 at other times or in other p lace s , or if risks might exceed an acceptable chronicrisk level (e.g., 1E-04).
6. S p e c i f y Limi t s on Decision Errors

The nu l l hypo th e s i s that w i l l be tested in Phase 1 is that indoor air l eve l s in Libby ares u f f i c i e n t l y high to warrant time-critical intervention. Two type s of decision error are po s s ib l ewhen making this decision:
T y p e I Error: Reje c t ing the nul l hypothe s i s when it r ea l ly is true. That is, the site isdec lared to be below a risk level of 1E-03 when it is r ea l ly above this level.
T y p e I I Error: A c c e p t i n g t h e n u l l h y p o t h e s i s when i t a c t u a l l y i s f a l s e . T h a t i s , t h e site i sdec lared to be of t ime-cri t i cal concern when it a c t u a l l y is not.
The l i m i t s on these two type s of errors are risk management j u d g e m e n t s . In order tominimize the chances of a T y p e 1 error (a " fa l s e negative"), the decision wil l be based on thehighes t concentration of asbestos f i b e r s detected in any currently-occupied residential oroccupational b u i l d i n g evaluated in the Phase 1 investigation. If one or more sample s exceedsthe 1E-03 risk level , time critical action may be needed. However, a d d i t i o n a l sample s may beco l l e c t ed to c on f i rm the o r i g i n a l measurement and to r e f in e the risk estimate. Because of thetime v a r i a b i l i t y in asbestos l e v e l s in air, f i n a l decis ions may be d e l a y e d un t i l a d d i t i o n a l datahave been c o l l e c t e d , i n c l u d i n g da ta in the summer when airborne re su spens ion and transpor tof asbestos f i b e r s in ou tdoor air is considered to be more l i k e l y than in winter.

7. Optimize the Design for Obtaining Results
A d d i t i o n a l indoor a n d / o r outdoor air sample s may be co l l ec t ed and incorporated intoeither Phase 1 a n d / o r Phase 2 as data become avai lab l e on actual airborne exposure and risklevels.

Secondary Objective: Preliminary Investigation of Source Materials
T a b l e 4 provides a summary of the seven-step DQO process for achieving thesecondary objective. The f o l l o w i n g text describes each of the DQO steps in d e ta i l .
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1. S t a t e the Prob l em
The problem to be addres sed by this por t i on of the s tudy is that most methods currentlyavai lable for measuring asbestos in solid materials (e.g., soi l , dust , bu lk insulation, mine waste,etc.) are re la t ive ly insensitive, and it is not known whether impacts of historic or ongoingasbestos releases on these media can be detected by these techniques.

2. Identify the Decision
The decision to be made is whether analysis of po t en t ia l source materials and/ortransport media in and about the mine (e.g., mine waste, sur fa c e water) and in and about thecommunity of Libby (e.g., yard s o i l , house du s t , garden s o i l ) can be r e l i a b l y q u a n t i f i e d usinga v a i l a b l e techniques. If so, then source areas j u d g e d to be of p o t e n t i a l concern may beremoved at the di scret ion of the OSC. A l t e r n a t i v e l y , add i t i ona l s a m p l i n g and analysis ofpotent ial source material may be pursed as needed to i d e n t i f y impacted areas and to f o cu s onsources of unac c ep tab l e asbestos l eve l s in air.

3. Identify I n p u t s to the Decision
Asbestos Measurements in Environmental Media

Inputs to the dec i s ion w i l l be the r e su l t s of asbestos analys e s of each medium using thebest a v a i l a b l e t e chn iqu e( s) , as f o l l o w s :

M e d i u m

Yard soilGarden soilRoad soilMine wasteBulk in su la t ion

I n d o o r Dust

S u r f a c e Water

Proposed Method
S a m p l e Prepara t i on
C o l l e c t bu lk s a m p l e , p la c e on s l i d e
Col l e c t bulk sampl e , dry

Separa t e respirable dust frac t ion usingS u p e r f u n d method, co l l e c t dust on f i l t er ,c o l l a p s e f i l t e r , prepare T E M gr id s
Microvacuum into cassette, suspend dust inw a t e r / a l c o h o l , co l l e c t on fi l ter,dry ash, prepare TEM grids
C o l l e c t bu lk s a m p l e , f i l t e r , c o l l a p s e f i l t e r ,
prepare T E M grids

S a m p l e A n a l y s i s
PLM of bu lk material
V i s i b l e r e f l e c t ive infrareds p e c t ro s c opy
TEM of respirable dust

T E M

T E M

Thes e methods have been selected because they are j u d g e d to be the most l i k e l y toy i e l d r e s u l t s that will a l l o w q u a l i t a t i v e or quan t i ta t iv e eva lua t i on of asbestos l eve l s in
10
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environmental media. N o t e that several a l t e rnat ive me thod s are i d e n t i f i e d for soil and relatedb u l k mater ia l s . At pr e s en t , it is not known which of these w i l l be the most a p p r o p r i a t e . It isenvisioned that all s a m p l e s w i l l be screened using v i s i b l e in frared sp e c t ro s copy, since th i smethod is very f a s t and inexpensive. If s u c c e s s f u l , the re su l t s of t h i s method can be used torank-order s a m p l e s into "high", "medium" and "low" concentration ranges. For quanti tat iveassessment, it is envisioned that all s a m p l e s w i l l be analyzed by PLM, since th i s method is f a s tand relat ively less expensive than the S u p e r f u n d TEM method. T h i s evaluation will begin withs a m p l e s that are known or suspec ted to be h i g h in asbestos concentration, based either on theinfrared resul t s a n d / o r f i e l d observations such as the presence of v i s i b l e levels of vermiculi te ,prox imi ty to known sources or waste mater ial s , etc. The analyses w i l l continue t h r o u g h thes a m p l e s to those that are known or suspected to contain "low" levels. When asbestos f i b e rconcentrations are c o n s i s t e n t l y below the de t e c t i on l i m i t , f u r t h e r analyses by PLM may bed i s c on t inued . After the r e su l t s of the in frared and the PLM analyses are a v a i l a b l e , a set ofs a m p l e s w i l l be selected for analys i s by the S u p e r f u n d method. T h i s method is expected to bethe most sensi t ive, because it i n c l u d e s a p r e l i m i n a r y s eparat ion of r e s p i r a b l e asbestos f i b e r sf rom the b u l k mater ia l , and because q u a n t i f i c a t i o n is by TEM rather than P L M . However, themethod is not yet in wide use, and is associated with a r e l a t i v e l y h i g h cost and slow turnaroundtime. It is for this reason that only about 15-21 sample s wi l l be evaluated by this approach.T h i s set w i l l be composed of a p p r o x i m a t e l y 5-7 in each of three categories: "high", " m e d i u m ' 1 ,and "low". Compar i s on of r e su l t s across these three methods w i l l a l l o w an evaluat ion of whichm e t h o d ( s ) is (are) most a p p r o p r i a t e for on-going eva lua t i on of so i l s and related mater ia l s at thesite.
For the other media (du s t , s u r f a c e water), all s a m p l e s c o l l e c t ed w i l l be analyzed by theana ly t i ca l methods ind i ca t ed above. A comparison of re sul t s across s a m p l e s w i l l be used todetermine whether the method is l i k e l y to be r e l i a b l e and u s e f u l for f u r t h e r e v a l u a t i o n of sitesample s .

Community Interview
EPA w i l l a d m i n i s t e r a community interview to numerous L i b b y re s ident s i n c l u d i n gres idents o f each househo ld s a m p l e d . T h e s e interviews w i l l h e l p gauge community members'level awareness about asbestos, their hea l th concerns about asbestos, their knowledge aboutact ivi t i e s that may re sul t s in asbestos exposure, as well as p o s s i b l e sources of asbestos-bearing material. T h i s i n f o r m a t i o n may h e l p e x p l a i n observed asbestos level s in s a m p l e s f r omthe home. A copy of the interview quest ionnaire is prov id ed in Sec t i on E ( A p p e n d i c e s ) .

4. D e f i n e the S t u d y Boundaries
Spatial Bounds

The s p a t i a l bounds to be inve s t igat ed in th i s p r o j e c t i n c l u d e the community of Libby , andareas associated with f o r m e r m i n i n g activit ie s near the town.

11
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Temporal Bounds
Asbestos level s in source or transport material are expected to be relatively stable.T h u s , the time when source area s a m p l e s are c o l l e c t ed is not j u d g e d to be critical.

5. D e v e l o p a Decision Rule
If no observable d i f f e r e n c e in asbestos concentrat ion can be detec ted between the twoclasses of s a m p l e s ("high" vs "low"), it will be concluded that a) e i ther the medium is noti m p a c t e d , or b) the measurement technique is not s u f f i c i e n t l y sensitive. If a d i f f e r e n c e can bed e t e c t e d , it w i l l be conc luded that there is an impact to that med ium, a l o n g with an actual orp o t e n t i a l release to the environment, and that the current method can be used to f u r t h e rinve s t iga t e and q u a n t i f y that release.

6. S p e c i f y L i m i t s on Decision Errors
Because the decis ion to be made is mainly with regard to method adequacy, noquant i ta t iv e rules are needed to d e f i n e decision errors.

7. O p t i m i z e the Des ign for O b t a i n i n g R e s u l t s
A d d i t i o n a l source area s a m p l e s may be c o l l e c t e d and incorporated into e i ther Phase 1a n d / o r Phase 2 as data become a v a i l a b l e on the a b i l i t y of current methods to detect andq u a n t i f y asbestos f i b e r s in each medium.

P A R C C Requirements
W i t h i n this Q A P P , quantitative and qual i ta t ive l imi t s are d e f i n e d for precision, accuracy,repre s entat ivenes s , c o m p a r a b i l i t y and a n a l y t i c a l c omple t ene s s . R e p o r t i n g l i m i t s f or asbestosf i b e r s are set by the ana ly t i ca l laboratory based on environmental matrix, hi s torical d a t a , andcomparison to EPA l i m i t s for CLP and other methods. Quant i ta t iv e l i m i t s are also d e f i n e d bymicroscopy (light microscopy or TEM) for method detect ion l i m i t s , and for method repor t ingl i m i t s or method quant i ta t i on l imi t s . The QA procedures o u t l i n e d in th i s section are in t ended toensure data q u a l i t y and to admini s t e r corrective actions with the goal of p r o d u c i n g data thats a t i s f y the f o l l o w i n g requirements. General g u i d e l i n e s , p o l i c i e s , and procedures to achievethese ob j e c t ive s are presented below. Where a d d i t i o n a l , d e t a i l e d , procedures are required toattain QA ob j e c t iv e s and to describe s p e c i f i c me thods , these are prov ided in the S O P s (seea t ta ch ed). The f o l l o w i n g PARCC requirements a p p l y t o more s tandard chemical a n a l y t i c a lanalyses, and p a r t i a l l y to asbestos analyses (e.g., i d e n t i f y i n g physico-chemical make-up ofs p e c i f i c f i b e r s )

Preci s ion: Precision is d e f i n e d as the agreement between a set of r e p l i c a t e measurementswithout a s sumpt ion or knowledge of the true value. It is a measure of agreement among
12
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i n d i v i d u a l measurements of the same p r o p e r t y under prescribed s imi lar conditions.Agreement i s expres sed as e i ther the relat ive percent d i f f e r e n c e (RPD) for d u p l i c a t emeasurements or the range and s tandard devia t ion for larger numbers of r ep l i ca t e s .The RPD will be reported on required 5% laboratory dupl i ca t e s .
Accuracy: Accuracy is a measure of the c loseness of i n d i v i d u a l measurements to the "true"value. Accuracy u s u a l l y is expressed as a perc entage of that value. For a variety ofanalytical procedures, standard reference materials traceable to or avai lable fromN a t i o n a l I n s t i t u t e o f S t a n d a r d s and T e c h n o l o g y (NIST, f ormer ly N a t i o n a l Bureau o fS t a n d a r d s ) or other sources can be used to de t ermine accuracy of measurements.Accuracy wi l l be measured as the percent recovery (%R) of an analyt e in a referencestandard or spiked sample s (>3 at each selected concentration range) that span the limitof l i n e a r i t y for the method.

Ideally, precis ion and accuracy est imates should represent the entire measurementprocess, i n c l u d i n g s a m p l i n g , analysi s , cal ibrat ion, and other components. From aprac t i ca l p er sp e c t iv e , these es t imates u s u a l l y represent on ly a p o r t i o n of themeasurement process that occurs in the a n a l y t i c a l lab.
Repre s en ta t ivene s s : Repre s en ta t ivene s s is the degree to which data accurate ly and pr e c i s e lyrepresent charac ter i s t i c s of a p o p u l a t i o n , parameter variations at a s a m p l i n g p o i n t , or anenvironmental c o n d i t i o n . For thi s Q A P P , data and s a m p l e s r epr e s en ta t iv e o f chemicaland b io log i ca l exposures in the s tudy and reference areas are to be collected fromr a n d o m l y chosen residences.
C o m p a r a b i l i t y : Data are comparable if site considerations, co l l ec t ion techniques, andmeasurement procedures, methods, and r epor t ing are equivalent for the sample s withina s a m p l e set. A q u a l i t a t i v e assessment of da ta c o m p a r a b i l i t y w i l l be made of a p p l i c a b l ed a t a sets. T h e s e criteria a l l o w compari son o f data f r o m d i f f e r e n t sources. C o m p a r a b l edata wil l be obtained by s p e c i f y i n g standard units for physical measurements ands tandard procedure s for s a m p l e c o l l e c t i o n , pro c e s s ing , and analys i s . Plea s e see theattached S O P s f or s a m p l i n g and analys i s procedures.
Compl e t ene s s : Data are considered comple t e when a prescribed percentage of the totali n t e n d e d measurements and s a m p l e s are obtained. A n a l y t i c a l c o m p l e t e n e s s i s d e f i n e das the percentage of v a l i d ana ly t i ca l r e su l t s requested, and >90% of analyzed s a m p l e sshould have result s reported. For this s a m p l i n g program, a minimum of 80 percent ofthe p l a n n e d co l l e c t i on of i n d i v i d u a l sample s for q u a n t i f i c a t i o n and a minimum of 30percent of re lated parameter s (e.g., phy s i ca l measurements, f i b e r t y p e , etc.) must beobtained to achieve a s a t i s f a c t o r y level of da ta comple t ene s s .
M e t h o d Detec t ion L i m i t s ( a p p l i c a b l e t o chemical analys e s o n l y ) : M e t h o d d e t e c t i on l i m i t s ( M D L s )are minimum values that can be r e l i a b l y measured to i d e n t i f y the ana ly t e as be ingpresent in the matr ix , versus method q u a n t i t a t i o n l i m i t s are the minimum values that can

13
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be quanti tated with reasonable s c i e n t i f i c c o n f i d e n c e . The method wi l l also have amaximum l inear value in most s i tua t ions , and analyses shou ld occur within th i s l imi t ofl ineari ty range. See a p p l i c a b l e operat ing procedures for de tai l s .

14
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T a b l e 1. DQOs for Primary Objective: Evaluate the N e e d for T i m e - C r i t i c a l Act i on
DQO S t e p
1. Def ine the prob l em

2. Identify the decision

3. Identify i n p u t s to decis ion
4. Def ine s tudy boundaries

5. D e f i n e deci s ion rule

6. S p e c i f y l i m i t s on decisionerrors
7. Optimize the design

Descr ip t ion
The citizens of Libby a p p e a r to have an increased incidence of asbestos-related disease, but there areno data to de termine if th i s disease is a t t r i b u t a b l e s o l e l y to historic exposures, or whether currentexposures are of c on t inu ing h ea l th concern.
Is time-critical action needed to protect p u b l i c health?If yes, i d e n t i f y a p p r o p r i a t e action and intervene as necessaryIf no, determine whether or not non-time-critical remediation is necessary
Level of concern for human h e a l t h (lifetime excess cancer risk of 1E-03)Estimate of airborne asbestos concentration, and cancer risk per unit concentration.
Spatial bounds: Community of Libby, i n c l u d i n g former mining, m i l l i n g and processing areas and areasp o t e n t i a l l y impacted as d e f i n e d by meteorological conditions. If necessary, a p p r o p r i a t e backgroundareas are also included (precise locations to be d e f i n e d ) .Temporal bounds: m u l t i p l e air s a m p l e s wi l l be co l l e c t ed in areas associated with former miningactivities near the town seasonally throughout the year
If asbestos l ev e l s in indoor air > 1 E-03 risk l eve l , consider the need for t ime-crit ical intervention.If asbestos l eve l s in indoor air < 1 E-03 risk l eve l , time-critical intervention may not be necessary.However, a d d i t i o n a l s t ud i e s may be needed to determine if non-time-critical remediat ion is necessary,or if levels might exceed 1E-03 risk levels under d i f f e r e n t conditions (e.g., seasonal variation)
Risk management decisions will be based on the highest airborne asbestos concentration f o u n d in anyre s id en t ia l or occupat ional b u i l d i n g .
Incorporate new information as data become available on actual airborne exposure and risk levels.

15



EPA R8 M u l t i m e d i a A s b e s t o s S a m p l i n g ; L i b b y , M T January 4, 2000

T a b l e 2: S u m m a r y o f A v a i l a b l e PCM-Based Expo sure Leve l s f or Asbe s to s
A g e n c y
A C G I H
N I O S H

O S H A

O S H A

E P A ( I R I S )
EPA (OW)

Description
T L V - T W A
REL 100 minute TWA in a 400Ls ampl e ( a l l f o r m s )
P E L ( T W A ) a l l f o r m s

PEL ( c e i l i n g ) 30 minute average - allf o rms
I n h a l a t i o n unit risk - all f orms
MCL (f>10 um in l e n g t h ) all forms

N o m i n a l Value
0.1 f / c c
0.1 f / c c

0.1 f / c c

1.0 f / c c

0.23 per (f/mL)
7 M F L "

Reference
A C G I H , 1998
N I O S H 1999

OSHA 1998
29 CFR 1919.1001
O S H A 199829 CFR 1926. 11 01
I R I S 1999
EPA 1998

8 MFL = mi l l i on f i b e r s per li ter
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TABLE 3. U n i t Risk for I n h a l a t i o n of Asbes tos

P o p u l a t i o n
M a l e Nonsmoker_ung CancerV l e s o t h e l i o m a sT o t a l
Female NonsmokerL u n g CancerM e s o t h e l i o m a sT o t a l
Mean T o t a l f o rNonsmokers
M a l e SmokerL u n g CancerMesothe l i omasT o t a l
F e m a l e SmokerL u n g CancerM e s o t h e l i o m a sTota l
Mean Tota l f o rSmokers

Percentage of F i b e r s
0.50%

1.0E-021.1E-011.2E-01

7.6E-031.3E-011.4E-01
2.6E-01

9.4E-027.6E-02
1.7E-01

6.4E-021.1E-01. 1.8E-01
1.7E-01

1%
1.6E-02
1.9E-01
2.0E-01

1.2E-02
2.0E-01
2.1E-01
4.1E-01

1.5E-011.2E-01
2.8E-01

1.0E-01
1.9E-01
2.9E-01
2.8E-01

2%
3.0E-02
3.2E-01
3.5E-01

2.2E-02
3.6E-01
3.8E-01
7.3E-01

2.6E-01
2.2E-01
4.8E-01

1.8E-013.2E-015.0E-01
4.9E-01

4%
5.4E-02
6.2E-01
6.7E-01

4.0E-02
6.8E-01
7.2E-01
1.4E+00

5.0E-01
4.2E-01
9.2E-01

3.4E-01
6.2E-01
9.6E-01
9.4E-01

6%
8.0E-02
9.0E-01
9.8E-01

6.0E-02
1.0E+00
1.1E+00
2.0E+00

7.4E-01
6.0E-01
1.3E+00

5.0E-01
9.0E-011.4E+00
1.4E+00

Greater than 10 urn
10%

1.3E-01
1.5E+00
1.6E+00

9.6E-02
1.7E+00
1.8E+00
3.4E+00

1.2E+00
9.8E-01
2.2E+00

8.2E-011.5E+002.3E+00
2.2E+00

15%
1.9E-01
2.2E+00
2.4E+00

1.4E-01
2.5E+00
2.6E+00
5.0E+00

1.8E+00
1.5E+00
3.2E+00

1.2E+00
2.2E+00
3.4E+00
3.3E+00

in L e n g t h
20%

2.6E-012.9E+00
3.2E+00

1.9E-013.3E+00
3.5E+00
6.6E+00

2.4E+00
1.9E+00
4.3E+00

1.6E+002.9E+00
4.5E+00
4.4E+00

30%
3.8E-01
4.3E+00
4.7E+00

2.8E-01
4.9E+00
5.1E+00
9.8E+00

3.5E+00
2.9E+00
6.4E+00

2.4E+00
4.3E+00
6.7E+00
6.6E+00

40%
5.0E-01
5.8E+00
6.3E+00

3.8E-01
6.5E+00
6.8E+00
1.3E+01

4.7E+003.8E+00
8.5E+00

3.2E+00
5.8E+00
9.0E+00
8.8E+00

50%
6.4E-017.2E+007.8E+00

4.8E-01
8.1E+00
8.5E+00
1.6E+01

5.9E+00
4.8E+00
1.1E+01

4.0E+00
7.2E+00
1.1E+01
1.1E+01

Source: Berman and Crump (1999)

17



EPA R8 M u l t i m e d i a A s b e s t o s S a m p l i n g : L i b b y , H T January 4, 2000

T a b l e 4. DQOs for S e c o n d a r y Object ive: P r e l i m i n a r y I n v e s t i g a t i o n of Source M a t e r i a l s
DQO S t e p
1. D e f i n e the prob l em

2. Identify the decision

3. Identify i n p u t s to decision

4. D e f i n e s tudy boundaries

5. Develop decision rule

6. Specify l i m i t s on decis ion errors
7. Optimize the de s ign

Descript ion
Opt imum s a m p l i n g and analys i s techniques for po t en t ia l source media ( s o i l , dus t , mine waste, etc) are notknown and avai lab l e techniques may or may not be able to detect and q u a n t i f y impact s of asbestosreleases
Can asbestos concentrations be r e l i a b l y q u a n t i f i e d us ing avai lab l e methods?If yes, source areas may be characterized and removed at the discretion of the OSCIf no, a d d i t i o n a l methods d eve l opment may be required
Asbestos measurements f rom selected sample s that are expected to have "high" and "low" asbestos levels.Compare results to determine if ava i lab l e methods are s u f f i c i e n t l y sensitive to detect and measured i f f e r e n c e s in po t en t ia l source materials a n d / o r transport media.
Survey i n f o r m a t i o n on his toric and current fa c t or s that may h e l p e x p l a i n current patterns of asbestoscontamination
Spatial bounds: Communi ty of Libby and areas associated with former m i n i n g activit ie s near the townTemporal bounds: because asbestos level s in source or transport material are re lat ive ly s tab l e , the timewhen these s ampl e s are c o l l e c t ed is not critical
If no d i f f e r e n c e is observed between the two classes of s a m p l e s , the f o l l o w i n g conclusions wi l l be drawn:a) the medium is not impacted, orb) the measurement technique is not sufficiently sensitiveIf a d i f f e r e n c e between the two classes of sample s can be de tec t ed, the f o l l o w i n g conclusions wil l be drawn:a) the medium is impactedb) the method can be used to f u r t h e r investigate and q u a n t i f y that impact
N A
A d d i t i o n a l source area sampl e s may be collected and incorporated as data becomes avai lab l e on the a b i l i t yof current methods to detect and q u a n t i f y asbestos f i b e r s in each medium
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B . M E A S U R E M E N T A N D D A T A A C Q U I S I T I O N
B 1 S A M P L I N G P R O C E S S D E S I G N

S t u d y Area: For th i s i n v e s t i g a t i o n , th e s t u d y area i s L i b b y , MT. Ini t ia l s a m p l i n g w i l l b ebased upon i d e n t i f i c a t i o n of community volunteers. Initial s a m p l i n g w i l l consist of two basicpart s : 1) s a m p l i n g in r e s i d e n t i a l areas, i n c l u d i n g the c o l l e c t i o n of s a m p l e s at a p p r o x i m a t e l y 30volunteer residences in L i b b y , a l o n g with s a m p l e s f r om a p p r o p r i a t e background re s ident ia lareas not i n f l u e n c e d by vermiculite mining, and 2) s a m p l i n g at suspected asbestos sourceareas a n d / o r t ran spor t pathways. All f i e ld s a m p l e s w i l l b e accompanied by a p p r o p r i a t e QA/QC(5-20%) sampl e s . If p o s s i b l e , f u t u r e s a m p l i n g w i l l b e based upon s t r a t i f i e d random s a m p l i n gd e s i g n to select homes in L i b b y and a p p r o p r i a t e re ference areas. A d d i t i o n a l s a m p l e s w i l l betarge t ed at reference areas. W i t h i n each area, homes will be selected semi-randomly and on avolunteer basis and access requested f r o m owners. S a m p l i n g w i l l be conducted to improve anu n d e r s t a n d i n g of actual or p o t e n t i a l exposure pa thways as i n d i c a t e d in the C o n c e p t u a l S i t e
Model ( F i g u r e 1).

S a m p l e size and characteristics: For this s tudy, a p p r o x i m a t e l y 30 residences wil l bet arge t ed f or s a m p l i n g . In a d d i t i o n t o s a m p l i n g in these re s idence s , s a m p l e s may be c o l l e c t e das requested by C i t y or S t a t e Off i c ia l s in p u b l i c b u i l d i n g s , s choo l s , a n d / o r h o s p i t a l s . S a m p l e sc o l l e c t e d at r e s i d e n t i a l l o c a t i o n s w i l l u s u a l l y i n c l u d e indoor air, indoor dust and outdoor soil.S a m p l e s c o l l e c t e d at su spec t ed source a n d / o r t ran spor t media may i n c l u d e mine waste,ou tdoor s o i l , sur fac e water, s ediment and outdoor air, as j u d g e d a p p r o p r i a t e by the OSC.

B 2 S A M P L I N G M E T H O D S R E Q U I R E M E N T S
A i r

Air s a m p l e s will be c o l l e c t e d by d r a w i n g air t h r o u g h a c e l l u l o s e acetate filter (0.45 umpore size) at a s p e c i f i e d f l o w rate for a s p e c i f i e d period of time. The d e t a i l s of the method arep r o v i d e d in SOP 2015. The o p t i m a l c ond i t i on s for s a m p l e c o l l e c t i o n d e p e n d on the level ofh e a l t h risk that is of concern, the level of asbestos in the air, and the level of i n t e r f e r i n gp a r t i c l e s in air besides asbestos. Presented below is a set of a l t ernat ive f l o w c ond i t i on s thati l l u s t r a t e the range of s a m p l i n g and ana ly s i s c ond i t i on s that may be needed to achieve differingl eve l s of sensi t ivity.
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Alterna t iv e Air S a m p l i n g and A n a l y s i s Method s

T a r g e tRisk

1.0E-02
E W i r p s p p

1.0E-04

AssumedPercentF i b e r s > 10um in Leng th
1%

10%
10%
1%

10%

Concentrationof Concern( f / m L ) ( a )
3.5E-02
4.5E-03

~ "45E-04
3.5E-04
4.5E-05

S u g g e s t e d S a m p l i n g a n dA n a l y s i s Parameters (b)
GridOpenings
4
8

I S t g C a i w S S S M E

40
40
60

V
( L )
900

3800
|̂il̂ !*l̂ i|H
"8000

8500
50000

F l o w( L / m i n )
1
3

_~̂ _~
10 .
16

T i m e(hrs)
15
21""̂ ir
14
52

(a) Based on average unit risk to smokers (see T a b l e 3). As noted in the text, quantitative toxicityvalues for asbestos-induced cancer are uncertain, and so the concentration values li s ted shouldnot be viewed as discrete boundaries between "acceptable" and "unacceptable".(b) Grid o p e n i n g s and air volume required to q u a n t i f y asbestos at a p p r o x i m a t e l y 1/3 the target risklevel.
The c o l l e c t i o n c o n d i t i o n s in the shaded row correspond to the c o n d i t i o n s that wereselected for in i t ia l s a m p l e s co l l e c t ed in Phase 1. D e p e n d i n g on the ratio of l o n g f i b e r s to to talf i b e r s , and on the level of i n t e r f e r i n g non-asbestos dus t , these sampl e s may have a riskdetect ion l imi t of about 3E-04, s u f f i c i e n t l y low to assess the po t en t ia l need for time criticalaction.

S o i l
Bulk s a m p l e s (mine waste, yard soi l , garden so i l , road mater ia l , in su la t i on, etc.) wil l bec o l l e c t e d , stored under cha in-o f- cu s t ody, and s h i p p e d according to me thods o u t l i n e d inS t a n d a r d O p e r a t i n g Procedures s u p p l i e d by C O M , I n c . , i n c l u d i n g SOP 4-1 (Fie ld LogbookContent and Contro), SOP 1-3 ( S u r f a c e Soil S a m p l i n g ) , SOP 1-2 ( S a m p l e C u s t o d y ) , SOP 2-5(Packaging and S h i p p i n g of Environmental S a m p l e s ) , SOP 4-2 ( P h o t o g r a p h i c Documentationo f Fie ld Act iv i t i e s) , and the S u r f a c e / S u b s u r f a c e Soi l S a m p l i n g Log (Attach ed).

Dust
Dust s a m p l i n g wil l be conducted using method D 5755 - 95 (structure, number count)provided by the American Socie ty for T e s t i n g and M a t e r i a l s (ASTM) (Attached).

S u r f a c e Water
S u r f a c e water is u n l i k e l y to be a source of airborne asbestos f i b e r s , but can serve as atransport pathway. S a m p l e s of sur face water wil l be co l l e c t ed according to SOP 2013.
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F i e l d Q A / Q C S a m p l e s
The QA/QC s a m p l e s w i l l consist o f f i e l d b lank s (a ir and dust o n l y ) , d u p l i c a t e s a m p l e s ,background sampl e s collected in areas expected to be u n a f f e c t e d by vermiculite mining. Everyreasonable ef fort w i l l be made to adhere s t r i c t l y to s p e c i f i e d SOPs. Where dev ia t ion f romSOPs is unavoidable, documentation of the deviation and its po t en t ia l impact on the outcomeof the da ta c o l l e c t i on effort w i l l be c l e a r l y indicated in f i e l d notes and subsequent reports.Detailed f i e l d notes wi l l record in format ion pertinent to each s a m p l e collect ion. These f i e l dnotes wil l be indexed and made a v a i l a b l e for review f o l l o w i n g s a m p l e co l l e c t i on.

B 3 S A M P L I N G , H A N D L I N G A N D C U S T O D Y R E Q U I R E M E N T
Documentation o f s a m p l e c o l l e c t i o n , h a n d l i n g , and s h ipmen t wi l l i n c l u d e c omp l e t i on o fcha in-o f-cu s tody f o r m s in the field, use of f i e l d maps and f i e l d f o r m s , and entry of data into af i e l d l ogbook. Each s a m p l e w i l l be p r o p e r l y l a b e l e d with the a unique s a m p l e i d e n t i f i e r . Acha in-o f - cu s t ody f o r m s h a l l accompany every shipment of s a m p l e s to the ana ly t i ca l laboratory.The p u r p o s e of the c h a i n - o f - c u s t o d y f o r m is to e s t a b l i s h the do cumenta t i on necessary to tracepos se s s ion f rom the time of c o l l e c t i o n to f i n a l d i s p o s a l . F i g u r e s 2 to 5 summarize the s a m p l i n g ,h a n d l i n g , and analyze s for each media type.

The cha in-o f - cu s t ody w i l l be d e s i g n a t e d by COM SOP 1-2. M i n i m a l l y the f i e ld f o r m w i l lhave the f o l l o w i n g i n f o r m a t i o n :
• Projec t number• S a m p l e r ' s s ignature• Date and time of s a m p l e c o l l e c t i o n• S a m p l e i d e n t i f i c a t i o n number• A n a l y t i c a l parameters
The s h i p p i n g f o r m s or t r a n s m i t t a l memo from EPA w i l l describe:
• N u m b e r of containers• S a m p l e preservative ( N / A )• Date and time of s a m p l e s h i p m e n t s
The labs w i l l enter th e f o l l o w i n g i n f o r m a t i o n upon receipt:
• N a m e of person receiving the s a m p l e• Date of sample receipt• S a m p l e c ond i t i on

All corrections to the c h a i n - o f - c u s t o d y record w i l l be i n i t i a l e d and dated by the personmaking the corrections. Each chain-of-cus tody f o r m wi l l in c lude s ignatures of the a p p r o p r i a t e
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i n d i v i d u a l s indicated on the form. The or ig ina l s wil l accompany the sampl e s to the laboratory,and copies documenting each custody change wi l l be recorded and kept on f i l e .
C h a i n - o f - c u s t o d y w i l l be maintained u n t i l f i n a l d i s p o s i t i o n of the s a m p l e s by thelaboratory and acceptance of analyt ical result s by EPA. One copy of the chain-of-custody willbe kept by field personnel .
The microscopist w i l l in c lude the f o l l o w i n g i n f o r m a t i o n on the Field Form:

Date• M i c r o s c o p i s t ' s name• S a m p l e i d e n t i f i c a t i o nMineral T y p eS t r u c t u r e Count s
All required p a p e r work, i n c l u d i n g sampl e container l a b e l s , chain-of-custody forms,custody seals and s h i p p i n g f o r m s wi l l be fully c ompl e t ed in ink (or pr in t ed f rom a c ompu t e r)prior to s h i p p i n g of the s a m p l e s to the laboratory. S h i p p i n g f rom s a m p l e storage to labora torywill be by overnight delivery.
U p o n rece ipt , the s a m p l e s w i l l be given to the labora tory s a m p l e cus todian. The coolerswill be opened and the contents in sp e c t ed . C h a i n - o f cu s t ody f o r m s w i l l be reviewed forcompletenes s , and sampl e s w i l l be l ogged and assigned a unique laboratory sample number.Any d i s c r epanc i e s or a b n o r m a l i t i e s in s a m p l e s wi l l be noted. The EPA On Scene C o o r d i n a t o rwi l l maintain o r i g i n a l log books and receive all data packages and reports .

B 4 A N A L Y T I C A L M E T H O D S R E Q U I R E M E N T S
The most a p p r o p r i a t e ana ly t i ca l me thods for each environmental medium may d e p e n don the t y p e and level of asbestos contamination and on the de t e c t i on l eve l s needed to assesshazard and/or nature and extent of contamination. For these reasons, the f i n a l choice ofmethod for each medium cannot be s p e c i f i e d at thi s time. A number of methods that areconsidered r e l i a b l e and that may be u t i l i z e d in thi s inve s t iga t i on are prov ided as S O P s inSection E ( A p p e n d i c e s ) .
In most of these m e t h o d s , two a l t e rna t iv e a p p r o a c h e s are ava i lab l e : "direct" and"indirect" analys i s . In direct analys i s , the s a m p l e i s p r e p a r e d with minimal h a n d l i n g , g e n e r a l l yby c o l l e c t ing the s ampl e on a f i l t e r or by p l a c i n g the test material d i r e c t l y under the microscopefor examination. However, th i s approach may sometimes be inadequa t e because a) the f i b e r sare accompanied by an excessive level of non-asbestos mat er ia l , or b) the concentration ofasbestos f i b e r s is ei ther too low or too h igh for r e l i ab l e q u a n t i f i c a t i o n . In these cases, anindirect approach wi l l be considered. In this approach , the s a m p l e i s g e n e r a l l y d i l u t e d ,concentrated, a n d / o r treated to remove i n t e r f e r e n c e s , such that the asbestos f i b e r s can be
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more r e l i a b l y q u a n t i f i e d . However, because indire c t p r e p a r a t i o n s t ep s may a l t e r f i b e rm o r p h o l o g y a n d / o r may a l t er f i b e r recovery, indire c t s a m p l i n g wi l l be avoided wheneverp o s s i b l e .
B 5 Q U A L I T Y C O N T R O L R E Q U I R E M E N T

The p r o j e c t team organ iza t i on ensures a t ta inment of QA objec t ive s by:
• A s s i g n i n g r e s p o n s i b i l i t y for p e r f o r m i n g work according to s p e c i f i c a t i o n s
• Prov id ing oversight of q u a l i t y - r e l a t e d act ivi t i e s for v e r i f i c a t i o n of conformance withs p e c i f i c a t i o n s
• D e f i n i n g the r e l a t i o n s h i p s between management and personnel p e r f o r m i n gqual i ty-re la t ed work Corrective Action
The Projec t M a n a g e r w i l l p r e p a r e a summary of q u a l i t y - r e l a t e d act ivi t ie s and prob l ems .T h i s summary wi l l be f o rwarded to EPA for in c lu s i on in the p r o j e c t f i l e . If d e f i c i e n c i e s in theprogram are i d e n t i f i e d , t h e P r o j e c t M a n a g e r w i l l i d e n t i f y r e commendat ions f o r corrective action.
Communicat ions . L i n e s of communication between p r o j e c t personnel and p r o j e c tmanagement staff w i l l be a p p r o p r i a t e to enable t i m e l y response to events that have thep o t e n t i a l to a f f e c t data q u a l i t y . Proje c t per sonnel w i l l be p r o v i d e d with a p r o j e c t contact l i s t thati n c l u d e s t e l e p h o n e numbers for both routine communicat ions and emergency n o t i f i c a t i o n s .
Communica t ions w i l l a l so en ta i l en sur ing that i n f o r m a t i o n on s a m p l e c o l l e c t i o n ,t r a n s p o r t a t i o n , a n a l y s i s , and s t o rage; data acqui s i t i on, a n a l y s i s , and r e p o r t i n g ; personnelas s ignment s and ac t iv i t i e s ; and other i n f o r m a t i o n per t inent to the pro j e c t ared i s t r i b u t e d to p o t e n t i a l l y a f f e c t e d personnel in a t i m e l y manner. C h a n g e s in procedures ,e q u i p m e n t , p e r s o n n e l , or other program e lements as a result of an accident or emergency thathave the p o t e n t i a l to a f f e c t da ta q u a l i t y or achievement of overall program objec t ives w i l l becommunicated to the Proj e c t M a n a g e r in wr i t ing in a t i m e l y manner. C o p i e s of all writtencommunications and written summaries of all subs tant ive t e l e p h o n e conversations will bep l a c e d in a permanent p r o j e c t file maintained by the EPA On Scene Coordinator.
Q u a l i t y Contro l M e t h o d s . Q u a l i t y control methods w i l l i n c l u d e both a f i e l d and laboratorycomponent. Field per sonnel wi l l prepare two type s o f q u a l i t y control s ampl e s : r e p l i c a t e s andblanks.
Replicates- For air s a m p l e s , r e p l i c a t e s are d e f i n e d as s eparate s a m p l e s that arec o l l e c t ed using s eparate air p u m p s and f i l t e r s . T h e s e air s a m p l e s are c o l l e c t e d side-by-side ata l o ca t i on and are s a m p l e d for the same amount of time. Air p u m p s are set at the same air
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f l o w rates so that adequate and l ik e air vo lumes are passed t h r o u g h each filter. R e p l i c a t es a m p l e s w i l l not be c o l l e c t ed for any media other than air.
Blanks - Field per sonal w i l l p r epar e b lank s a m p l e s for air and dust by l a b e l i n g un-usedf i l t er cassettes and s u b m i t t i n g them for analysi s .
The laboratory and i t s s ta f f wi l l have the r e s p o n s i b i l i t y for proce s s ing al l s a m p l e ssubmit ted according to the s p e c i f i c p ro t o c o l s for s a m p l e cu s tody, ana ly s i s , r e p o r t i n g , andassociated laboratory Q A / Q C . Laboratory per sonal w i l l p r epar e b l a n k s TEM gr id s f rom thesame lot of f i l t e r s used to pr epar e water and soil sample s .
Q u a l i t y assurance programs f o r a n a l y t i c a l chemis try t y p i c a l l y i n c l u d e b lank s , b l i n ds t andard s , and spikes. U n f o r t u n a t e l y , th i s type of p e r f o r m a n c e evaluat ion program is nota v a i l a b l e for asbestos analysi s . The laboratory q u a l i t y assurance program wil l consist o fb l a n k s and r ep l i ca t e analysi s . Blank s a m p l e s w i l l be used to control for p o s s i b l e contaminat ionin the filter medium. A subset of TEM g r i d s (10-20%) will be sent ei ther back to the pr imarylaboratory f or re-analysis (b l ind) or t o a d d i t i o n a l laborator i e s f or r e p l i c a t e analys i s . The TEMg r i d s for r ep l i ca t e analy s i s wi l l be s h i p p e d under chain of cu s tody to a p p r o p r i a t e laboratories foranalysi s .

B 6 I N S T R U M E N T C A L I B R A T I O N a n d F R E Q U E N C Y
P u m p s used for air s a m p l i n g w i l l be ca l ibrat ed j u s t pr ior to s a m p l i n g and again at thet e rminat i on of s a m p l i n g to d e t e rmine air f l o w rates across the s a m p l i n g .
S O P s will i d e n t i f y requirements needed to be met by the labora tor i e s to meet adequate

instrument cal ibrat ion f r equency , and Q A / Q C for raw data and reports.
C . A S S E S S M E N T O V E R S I G H T
C 1 A S S E S S M E N T S a n d R E S P O N S E A C T I O N S

The EPA On Scene C o o r d i n a t o r a n d / o r S c i e n t i f i c S u p p o r t C o o r d i n a t o r w i l l be on-site tooversee and inspect s a m p l i n g activities. Enough s a m p l e w i l l be taken and archived to a l l o w forp r o b l e m s (such as loss or s p o i l a g e ) f rom t r a n s p o r t a t i o n or ana ly t i ca l labs.
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D . D A T A V A L I D A T I O N a n d U S A B I L I T Y
D 1 D A T A R E V I E W , V A L I D A T I O N a n d V E R I F I C A T I O N R E Q U I R E M E N T S

Data v a l i d a t i o n wi l l consist of a) e s t a b l i s h i n g an absolute range, acceptance l imi t s(screening cri teria), and a p p r o p r i a t e s t a t i s t i c s for each data parameter, b) d e s c r i b ing methodsfor d e t e r m i n i n g the d i s p o s i t i o n of suspect da ta , and c) d o c u m e n t i n g f inal d i s p o s i t i o n of inva l idor q u a l i f i e d data, i n c l u d i n g outl iers .
Test S t a t i s t i c : Quant i ta t iv e p r o f e s s i o n a l j u d g e m e n t wil l be used to determine f i b e r countsin s a m p l e d media. T o x i g e n i c hazard will be assessed based upon p r o f e s s i o n a l i d e n t i f i c a t i o n ofasbestos f i b e r s . T o x i g e n i c p o t e n t i a l of s p e c i f i c f i b e r s will be de t ermined by thorough review ofthe peer reviewed l i t e r a t u r e as well as be p r o f e s s i o n a l j u d g e m e n t of q u a l i f i e d t o x i c o l o g i s t s ,phys i c ian s , and or i n d u s t r i a l hygi en i s t s .
If f e a s i b l e , based upon s a m p l i n g success, a one- tai l ed t-test w i l l be used to comparethe two g r o u p s (test area and background or re ference area) for a p p r o p r i a t e classes ofasbestos f i b e r s a n d / o r f i b e r sizes i d e n t i f i e d (a two-tai led t-test is not used since any change inf i b e r concentrations is expected to be one direct ion above background level s as per EPA RiskAssessment G u i d a n c e ) . If there i s s t a t i s t i c a l p r o b a b i l i t y of (e.g. a <, 0.05) for L i b b y residencesbeing h igher than re f erence areas, then reject the n u l l h y p o t h e s i s and conc lude that s i g n i f i c a n td i f f e r e n c e ex i s t s between th e two g r o u p s f or a p a r t i c u l a r f i b e r type . T h e r e f o r e , p o t e n t i a lexposure of humans to t h i s spec ie s would not be able to be screened out. Converse ly, if (e.g.)a £ 0.05 for all a p p r o p r i a t e f i b e r sizes and f i b e r type s in a s p e c i f i c media that is reasonably welld e f i n e d and comparab l e with s i m i l a r media in the test area (i.e., no "hot-spots"), then the n u l lh y p o t h e s i s is accepted and exposure via th i s route is ab l e to be screened out with no f u r t h e revaluat ion be ing j u s t i f i a b l e .
Out-of-range data ( f i b e r s out s ide of the size range n o r m a l l y considered to be t o x ig en i c)will be e x c luded f rom the v a l i d a t e d data set unle s s the a p p r o p r i a t e da ta value and relevantt o x i c o l o g i c a l s i g n i f i c a n c e can be p o s i t i v e l y e s t a b l i s h e d and documented. Other suspect data ors a m p l e s w i l l be examined in d e t a i l , i n c l u d i n g any i r r e g u l a r i t i e s in i t s c o l l e c t i on and h a n d l i n g . Inthe absence of any clear i n d i c a t i o n that they are inval id (such as equ ipment f a i l u r e or operatorerror), data ou t l i er s will remain in the v a l i d a t e d data set but will be f l a g g e d as ou t l i e r s pers p e c i f i e d criteria (e.g., >3 x SD from the mean). Data p o i n t s de t ermined to be inval id w i l l bep e r m a n e n t l y f l a g g e d in a clear and consistent manner in the o r i g i n a l raw data set and removedf r o m subsequent data summaries and f i l e s .
QA for da ta v a l i d a t i o n will ensure that the screening criteria are comprehensive,unambiguou s , rea sonable , and i n t e r n a l l y consi s t ent; and that da ta v a l i d a t i o n act ivit ie s arep r o p e r l y documented. Data d i s c r epancy report s s h o u l d be p r e p a r e d d e s c r i b i n g any dataprob l ems observed and any data correction ac t iv i t i e s undertaken.
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Data analys i s wil l consist of a n a l y z i n g val id data sets f r o m r e s i d e n t i a l result s to prov idei n f o r m a t i o n in f o r m a t s a p p r o p r i a t e to the ob j e c t ive s of the exposure screening study. All datarecords s hou ld be ca ta l oged and stored in the ir o r i g i n a l form. C a l i b r a t i o n a d j u s t m e n t s anda d j u s t m e n t s to reduce da ta to s tandard c o n d i t i o n s for c o m p a r a b i l i t y w i l l be c l ear ly do cumen t ed ,and raw data c l ear ly d i s t i n g u i s h e d f r o m "corrected" data (i.e., data to which ca l i bra t i on ands t a n d a r d i z a t i o n a d j u s t m e n t s have been a p p l i e d ) .
Raw da ta and a d j u s t m e n t s s hou ld be entered into a computer database a n d / o rspreadshee t for correction, s t a t i s t i c a l analys i s , m a n i p u l a t i o n , f o r m a t t i n g , and summarizing toreduce the p o t e n t i a l for human error. EPA requests that all da ta be p l a c e d into the de s ignat eddata entry sheets.

D 2 V A L I D A T I O N a n d V E R I F I C A T I O N M E T H O D S
Data r e p o r t i n g consists of c ommunica t ing summarized da ta in a f i n a l form. Q u a l i t yassurance for r e p o r t i n g consi s t s of measures intended to avoid or detect human error and tocorrect i d e n t i f i e d errors. S u c h methods i n c l u d e s p e c i f i c a t i o n of s tandard r e p o r t i n g f o r m a t s andcontents of measures to reduce data t r a n s c r i p t i o n errors. Data w i l l undergo peer review byq u a l i f i e d reviewers c a p a b l e o f e v a l u a t i n g reasonablenes s o f the d a t a for the s c i e n t i f i c d e s ign .
Reports: A report of all the summary s t u d y d e s i g n charac t er i s t i c s , s a m p l e c o l l e c t i o n sand analyse s , data q u a l i t y and re su l t s s h a l l be pre s ented by the a n a l y t i c a l laboratories. S i m p l es t a t i s t i ca l tes t s of g r o u p treatment d i f f e r e n c e s s h o u l d be p e r f o r m e d and presented asdiscussed above and wi l l be conducted by EPA. All raw da ta and summary results of both da taand summary s ta t i s t i c s (means, s tandard dev ia t ions , ranges, etc.) s h o u l d be t abu la t ed by thelaboratorie s . Resu l t s s hou ld be in t erpre t ed to q u a n t i t a t i v e l y e s t imate the re lat ive f r equency ofoccurrence of s p e c i f i c asbestos f i b e r s above reference level s . S t u d y reports s hou ld be

a v a i l a b l e wi thin 60 days of receipt of a c c ep tab l e laboratory re su l t s and reports.
Data w i l l be reviewed by the On Scene C o o r d i n a t o r , EPA Sci enc e S u p p o r t C o o r d i n a t o rand S t a t e o f f i c i a l s , and by a peer review team to assess data q u a l i t y in accordance with DURA( 1 9 9 2 ) f or th i s C E R C L A Emergency Response site.
Q u a l i t y assurance records and p r o j e c t f i l e s w i l l be maintained in accordance withs tandard p r o j e c t procedures. All QA records, l ogbook s , s a m p l e da ta f o r m s , raw datasummaries, and the l ike w i l l be maintained until written direc t ions for the ir d i s p o s a l areprovided .

D3 RECONCILIATION with DQOs
The p r o j e c t team w i l l review any r e su l t s which fal l o u t s i d e the DQOs and dec ide ( p e rDURA 1992 and RAGS 1992) the extent of u s e a b i l i t y of r e su l t s for risk assessment.
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S E C O N D A R YS O U R C E
E X P O S U R ER O U T E

E X P O S E DP O P U L A T I O N

N O N - M I N I N GR E L A T E DS O U R C E S :
. I n s u l a t i o n
»Other asbestosproduct s

Outdoor Air(suspended f i b e r s ) I n h a l a t i o n

W i n d /MechanicalDistrubance

M I N I N G R E L A T E DS O U R C E S :
• L o a d i n g Area
• Export Facility
• Other (?)

BulkTranspor ta t ion

I n d o o r A i r(suspended f i b e r s )
1

I n d o o rDust

W i n d /MechanicalDistrubance

GardenS o i l s
S o i l Adher ingto GardenVege tab l e s

I n h a l a t i o n

I n g e s t i o n

I n g e s t i o n O

F i g u r e 1. Draft Concep tua l S i t e M o d e l - Potent ial H u m a n Exposure Pathwaysto Asbestos at the Libby , Montana S i t e
• Pathway is c o m p l e t e , but minor;qualitative evaluation
> Pathway is c omple t e and could bes i g n i f i c a n t ; quantitative evaluation



S e l e c t S a m p l i n g Location• V o l u n t e e r Residences
• P o t e n t i a l Source Areas• Reference Areas

C o l l e c t R e p l i c a t e A i r S a m p l e sS O P : E R T 2 0 - 1 5

S e n d the Casse t t e s to CDM Send r e p l i c a t e Casse t te s toW.R. Grace
S e n d Casset te s and R e p l i c a t e s to the Primary Laboratory

Prepare TEM G r i d s f r om a Port ion o f th e Fil t erSOP: EPA/540/2-90/005a (Direct t r a n s f e r m e t h o d )

A n a l y z e S a m p l e s b y T E MS O P : I S O 10312

Is Re-A n a l y s i s *Required?
Y E S I n d i r e c t T r a n s f e rS a m p l e P r e p a r a t i o nS O P : E P A / 5 4 0 / 2 - 9 0 / 0 0 5 a

N O
Send Resul t s , TEM G r i d s , andRemaining Filter Back to CDM

S e n d 10% of the PreparedG r i d s to a Secondary Lab,send 10% back to the PrimaryLab for B l i n d Re-analysis.
Archive TEM G r i d s andRemaining F i l t e r S e n d Resul t s t o I S S I f o rDatabase Entry

F i g u r e 2 . Air S a m p l e F l o w - D i a g r a m
Tor d e ta i l s on when re-analysis is required re f er to the text.



S e l e c t Dust S a m p l i n g Location
• V o l u n t e e r Residences
• P o t e n t i a l Source Areas• Reference Areas

C o l l e c t Dust S a m p l eS O P : ASTM D 5755 - 95

Send Cassette to CDM

Send S a m p l e s to the Primary Lab
Prepare S u s p e n s i o n , F i l t e r , a n d Prepare T E M G r i d s

SOP: ASTM D 5755 -95
A n a l y z e S a m p l e b y T E MSOP: ISO 10312

Is Re-A n a l y s i sRequired?
YES I n d i r e c t S a m p l e T r a n s f e rSOP: EPA/540/2-90/005a

NO

S e n d Resul t s , TEM g r i d s , andRemaining Filter to CDM

S e n d 10% of Prepared G r i d s to aSecondary Lab, Send 10% Back toPrimary Lab for Blind Re-analysis
Archive T E M G r i d s a n dRemaining Fil t e r Portions Send Result s t o I S S I f o rDatabase Entry

F i g u r e 3. Dust S a m p l e F l o w Diagram



Save a S p l i tS a m p l e f o rArchive

S e l e c t S a m p l i n g Loca t i on
• V o l u n t e e r Residences
• Poten t ia l Source Areas• Reference Areas

Col l e c t Bulk S a m p l eS O P : C D M S O P 1 - 3 r e v . 3

Send S a m p l e s to COM

Dry, H o m o g e n i z e , and S e p a r a t e S o i l S a m p l e si n t o T h r e e S p l i t S a m p l e sS O P : I S S I - L i b b y - 0 1
Send a S p l i tS a m p l e to W.R.Grace

Screen S o i l S a m p l e s b y I R S p e c t r o s c o p y

Send S a m p l e s to Primary Lab

A n a l y z e S a m p l e s by PLMS O P : N I O S H 9002Star t A n a l y s i s with S a m p l e s C o n t a i n i n g t h e H i g h e s tConcentrat ion o f Fibers*. S t o p A n a l y s i s when F i b e r sCan no L o n g e r be Q u a n t i f i e d .

S e l e c t a Subse t o f S a m p l e s forT E M A n a l y s i s

C o l l e c t Resp irab l e Dust F r a c t i o n on aF i l t e r a n d Prepare T E M G r i d s
SOP: EPA/540/R-97/028

A n a l y z e S a m p l e b y T E MSOP: ISO 10312

S e n d resul t s , s l ide s , and TEM g r i d s to CDM

S e n d 10% of the Prepared G r i d sor S l i d e s to a S e c o n d a r y Lab,send10% Back to the Primary Labfor Bind Re-analysis

Archive T E M G r i d s a n dP L M S l i d e s S e n d Resul t s t o I S S Ifor Database Entry

F i g u r e 4 . S a m p l e F l o w Diagram for S o i l and Other Bulk Mater ia l s
*Refer to the text for a description of how the samples with the highest concentration of f ibers will be selected.



S e l e c t Water S a m p l i n g Location• P o t e n t i a l Source Areas• Reference Areas
C o l l e c t Water S a m p l eS O P : E P A 2 0 1 3

Send S a m p l e to COM

S e l e c t a Sub s e t o f S a m p l e s

S e n d S a m p l e to the Primary Lab

Fil t er S a m p l e and Prepare TEM GridSOP: E P A / 6 0 0 / 4 - 8 3 / 0 4 3

A n a l y z e S a m p l e b y T E MS O P : I S O 10312
S e n d Resul t s , T E M G r i d s , a n dRemaining Filter to COM

S e n d 10% of Prepared G r i d s to aS e c o n d a r y Lab, S e n d 10% Backto Primary Lab for BlindRe-Analysi s

Archive T E M G r i d sand Remaining Fil t e r Send Resul t s t o I S S I f o rDatabase Entry

F i g u r e 5 . Water S a m p l e F l o w - D i a g r a m
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A p p e n d i x 1
Community Interview for Residents of Libby, Montana



EPA Communi ty Interv i ew for Residents of Libby , Montana
Date:____Interviewers: T i m e :

PART A _____________
1. A d d r e s s : ————
2. Phone:
3A. Please list the names and DOB of all immediate f a m i l y members (enter informat ion into table below):( i n d i c a t e with an * all members that p a r t i c i p a t e d in the interview)
3B1. Are your c h i l d r e n l i v i n g 1) at home? Y / N / re fused to answer (RA) ( e n t e r in tab l e be low)
3B2. If no, is h e / she l i v i n g in Libby? Y / N / RA (enter response and current addre s s in table below)

DOB C h i l d r e n are l i v i n g If a chi ld is not at home,(Age, if DOB is unknown) At home In Libbv Plea s e l i s t current addres s:



4A. How long has your f a m i l y has been l i v i n g in Libby , MT: •________(years)
4B. How long has your f a m i l y has been l iv ing at your current address: ___________(years)

P A R T B
5. If you have h e a l t h concerns about asbestos, where do you go for i n f o r m a t i o n ?

6. Does your local physician provide you with information? Y / N / RA
7A. Do you have any s p e c i f i c concerns? Y / N / Not sure or don't know (NA)
7B. If yes, please describe:

8A. W o u l d you l ike to be involved in any i n v e s t i g a t i o n / r i s k assessment that ERA carries out in Libby? Yes / No / NA / RA
8B. If yes, how?



P A R T C
9A. Did anyone in the f a m i l y work at the Zono l i t e mine or the vermiculite processing operations?Y e s / N o / R AIf Yes, please answer the f o l l o w i n g questions, if No or RA, skip to Question 12.

9B. 9C. 9D1. 9D2. 9E.
N a m e ( s ) of workers Job Title(s) or short de s cr ipt ion of work duties: Dates ofemployment(yr. to yr.)

I f dates unknown,provide durat ion ofemployment andapproximate starta n d / o r s top dates

L o c a t i o n ( s ) of work1. M i n e2. RR l o a d i n g area3. Export site4. Other ( d e s c r i b e )5. Unknown(mark al l that apply)



10. Typically a f t e r a day of work, did f a m i l y members, working in the vermicul i t e min ing or proce s s ing operations:(Circ l e one) a) change c lo thes at work, b) wear their work clothes home, or c) other? ( p l e a s e de s cr ibe)
11 A. How did f a m i l y members most f r e q u e n t l y get to and from the vermicul i t e worksite?( C i r c l e one) 1. Personal vehicle, 2. Ride f rom co-worker, 3. Bus, 4. Other ( p l e a s e describe):
11 B. If a personal vehicle was used for work transpor ta t i on was it f r e q u e n t l y f o u n d to have accumulations of d u s t / d i r tfrom the worksite in it? Yes / No / NA / RA
12A. Was the vermicul i t e f r o m the mine used in or around your home ? Yes / No/ NA / RA(if No, NA, or RA, sk ip to Question 18.)
12B. Was the vermiculite that was used in/around or your home purchased from a store? Yes / No / NA / RAIf No, 1. Where did you get it from?

2. Was it free? Y / N / NA / RA
13A. Was the vermicul i t e used for in su la t i on? Yes / No / NA / RA (if no s k i p to 13B):A1. If yes, describe locations (e.g., attic, w a l l s )

A2. Is dust f rom the vermiculite insulat ion o f t en noticeable in any of the l iving areas of the house ?Y e s / N o / N A / R A
13B. Was the vermiculi te used for 1. Garden s , 2. P l a n t i n g , 3. Greenhouse (circle all that apply)
13C. Were there other ways that vermiculite was used? Yes / No / NA / RA
130. If yes, p l ea s e describe:



14A. A s i d e from working at the mine, has anyone in the f a m i l y been employed in a job with potent ial exposure toasbestos such as w e l d i n g , automotive repair, p l u m b i n g , ductwork, r o o f i n g , carpentry, insulat ion in s ta l la t i on?
Y / N / N A / R A

14B and 14C. If yes, p l ea s e t e l l us:B. Who C. What kind of work: 1. w e l d i n g , 2. automotive repair,3. p l u m b i n g , 4. ductwork, 4. r o o f i n g , 5. carpentry,6. I n s u l a t i o n i n s t a l l a t i o n , 7. Other ( p l e a s e describe)

15A. What year was your house built:___________or if unknown, what is the approximate age of the residence_ (years)(enter NA if unknown)
15B. Are you aware of any asbestos-containing-products other than vermiculite in your home such as f l o o r t i l e s , p i p einsulat ion, s iding? Yes / No / NA / RA
15C. If yes, what are they: (circle all that apply) 1. Floor t i l e s , 2. P i p e I n s u l a t i o n , 3. S i d i n g , 4. I n s u l a t i o n , 5. Other ( p l e a s edescribe):
P A R T D
16A. Besides work, did you or f a m i l y p a r t i c i p a t e in any act ivi t i e s that bring you f r e q u e n t l y into contact with the Z o n o l i t emine, proces s ing f a c i l i t i e s , o r t h e vermiculite? Y / N / N A / R A
16B. If yes, p lease describe these activities:

16C. Where did these activities occur:



17. Is there anything else you would like to say about the Z o n o l i t e mine?

18A. When the mine was o p e r a t i n g , or more recent ly, do you believe that dust f rom the vermiculi te m i n i n g or proce s s ingoperations was accumulating on your proper ty or in your home? Yes / No / NA
18b. If Yes, describe why you believed this was occurring:

19. Can you t h i n k of any way that vermicul i t e might have got t en into your home now or when you were growing up (i.e.on c l o t h i n g ) If so, please describe these activities:

20. Do you know of areas around town where vermiculite f rom the mine has been p l a c e d ?

21A. As a c h i l d , where did you most f r e q u e n t l y p l a y ?

21B. What was the area like? (p l ea s e describe)



21C. Where do your c h i l d r e n most f r e q u e n t l y p l a y ?

22A. Are there areas of L i b b y that you believe present a risk f rom asbestos to residents? Y / N / NA / RA
22B. If yes, where:

23A. Is there anyth ing you'd like more i n f o r m a t i o n about? Y / N / NA
23B. If yes, what:

24. What do you t h i n k is the best way to communicate with p e o p l e in Libby?
1. N e w s p a p e r 4. Civic Organizat ions2. N e w s l e t t e r 5. M e e t i n g s3. Radio 6. Other ( p l e a s e describe):

25. Where do you t h i n k would be a good p lac e for meetings?

26. Who do you think are the f ormal and informal leaders in your community?



r' Can you think of other p e o p l e that we should ta lk with? Y / N / NA / RA
27B. Is yes, who?

28. Is there anyth ing you would l ike to add?

T h a n k you!
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IFIELD LOGBOOK CONTENT AND C O N T R O L SOP 4-1
Revision: 3
Date: February 18,1999Page 1 of5

Prepared: Del Baird__________ Technical Review: Jackie Mo
QA Review: David 0. Johnson______ Approved: / Signature/Date '
Issued: ft-aJL/LliJuJ JhAjfc- AT ' " "/ Signature/Date

1.0 O B J E C T I V E
The object ive of this standard operating procedure (SOP) is to set CDM Federal criteria for content entry
and form of f i e l d logbooks. .

2.0 B A C K G R O U N D
2.1 Def in i t i on s
Biota - The f l o r a and fauna of a region.
Decontamination - To remove contaminants from f i e l d sampling equipment that might bias analytical
results.
Magnetic Declination Corrections - Compass adjus tments to correct for the angle between magnetic northand geographical meridians.
2.2 Discussion
Informat ion recorded in f i e l d logbooks include observations, data, calculations, time, weather, description
of the data collection activity, methods, instruments, and results. Addi t i ona l ly , the logbook may contain
descriptions of wastes, biota, geologic material, and site features including sketches, maps, or drawings asappropriate.

13.0 RESPONSIBILITIES
F i e l d Team Leader (FTL) - The FTL is responsible for ensuring the nature and form of data entries areconducted in accordance with this procedure.
Site Personnel - All CDM Federal employees who make entries in f i e l d logbooks during on-site activities
are required to read this procedure prior to engaging in this activity. The FTL will assign f i e l d logbooks to
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site personnel who will be responsible for their care and maintenance.

4.0 REQUIRED E Q U I P M E N T
• Sit e- sp e c i f i c plans
• Field notebook
• I n d e l i b l e black or blue ink pen• Ruler or similar scale (in some circumstances)

5.0 PROCEDURES
5.1 Preparation

In addition to this SOP, site personnel responsible for maintaining logbooks must be famil iar with other
pertinent CDM Federal and site SOPs. These should be consulted as necessary to obtain sp e c i f i c
information about equipment and supp l i e s , health and safe ty, sample collection, packaging,
decontamination, and documentation. These procedures should be located at the f i e l d o f f i c e .
F i e l d logbooks shall be bound with lined, consecutively numbered pages. All pages must be numberedprior to initial use of the logbook. Prior to use in the f i e l d , each logbook will be marked with a s p e c i f i c
document control number issued by the document control administrator, if required by the QIP. Not all
contracts require document control numbers. The f o l l o w i n g information shall be recorded on the cover ofthe logbook:

• Field Logbook Document Control Number
• Activi ty (if the logbook is to be act ivi ty-speci f i c)
• Name of CDM Federal contact and phone numbers)• Start date

The first few (approximately f i v e ) pages of the logbook will be reserved for a table of contents. Mark thef irs t page with the heading and enter the f o l l ow ing:

T A B L E OF CONTENTS
Date/Description Page
(Start Date)/Reserved for TOC 1 -5
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The remaining pages of the T a b l e of Contents will be designated as such with "TOC" written on the top
center of each page.
52 Operation
The f o l l o w i n g is a list of requirements that must be f o l l owed when using a logbook:

• Record work, observations, quantities of materials, calculations, drawings, and related
information directly in the logbook. If data collection forms are spe c i f i ed by an activity-s p e c i f i c plan, this information need not be duplicated in the logbook. However, any forms used
to record site information must be referenced in the logbook.

• Do not start a new page until the previous one is full or has been marked with a single diagonal
line so that additional entries cannot be made. Use both sides of each page.

• Do not erase or blot out any entry at any time. Indicate any deletion by a single line through the
material to be deleted. Init ial and date each deletion. Take care to not obliterate what was
written previously.

• Do not remove any pages from the book.
• Record as much information as possible.

S p e c i f i c requirements for f i e l d logbook entries include:
• Initial and date each page
• Sign and date the final page of entries for each day
• Initial and date all changes
• M u l t i p l e authors must sign out the logbook by inserting the f o l l ow ing:

Above notes authored by:- (Sign name)
- (Print name)
-(Date)

• A new author must sign and print his/her name before additional entries are made
• Draw a diagonal line through the remainder of the final page at the end of the day
• Record the f o l l o w i n g information on a daily basis:

- Date and time
- Name of individual making entry

I/
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- Names of f i e l d team and other persons on-site- Description of activity being conducted including station (i.e., well, boring,
sampling location number) if appropriate- Weather conditions (i.e., temperature, cloud cover, precipitation, wind direction, and
speed) and other pertinent data- Level of personal protection to be used

- Serial numbers of instruments
- Required calibration information- Serial/ tracking numbers on documentation (e.g., carrier airbi l l s)

Entries into the f i e l d logbook shall be preceded with the time (written in military units) of the observation.
The time should be recorded frequent ly and at the point of events or measurements that are critical to the
activity being logged. All measurements made and samples collected must be recorded unless they are
documented by automatic methods (e.g., data l ogger) or on a separate form required by an operating
procedure. In these cases, the logbook must reference the automatic data record or form.
At each station where a sample is co l l e c t ed or an observation or measurement made, a detai led description
of the location of the station is required. Use a compass (include a reference to magnetic declination
corrections), scale, or nearby survey markers, as appropriate. A sketch of station location may be
warranted. All maps or sketches made in the logbook should have descriptions of the features shown and a
direction indicator. It is preferred that maps and sketches be oriented so that north is toward the top of the
page.
Other events and observations that should be recorded include:

• Changes in weather that impact f i e l d ac t iv i t i e s
• Deviations from procedures ou t l ined in any governing documents. Also record the reason forany noted deviation.
• Problems, downtime, or de lays
• Upgrade or downgrade of personal protec t ion equipment

S3 Post-Operation
To guard against loss of data due to damage or disappearance of logbooks, completed pages shall be
p e r i o d i c a l l y photocopied (weekly, at a minimum) and forwarded to the f i e l d or project o f f i c e . Other f i e l d
records shall be photocopied and submitted regularly and as prompt ly as poss ible to the o f f i c e . When
pos s ib le , electronic media such as di sks and tapes should be copied and forwarded to the o f f i c e .
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At the conclusion of each activity or phase of site work, the individual responsible for the logbook will
ensure that all entries have been appropriate ly signed and dated, and that corrections were made properly(single lines drawn through incorrect information, then initialed and dated). The completed logbook shall
be submitted to the records f i l e .

6.0 RESTRICTIONS/LIMITATIONS
Field logbooks constitute the o f f i c i a l record of on-site technical work, investigations, and data collect ion
activities. Their use, control, and ownership are restricted to activities pertaining to s p e c i f i c f i e l d
operations carried out by CDM Federal personnel and their subcontractors. They are documents that may
be used in court to indicate and de f end dates, personnel, procedures, and techniques employed during siteactivities. Entries made in these notebooks should be fac tual , clear, precise, and as non-subjective as
possible. Field logbooks, and entries within, are not to be utilized for personal use.

7.0 R E F E R E N C E S
Sandia National Laboratories, Procedure for Preparing, Sampling and Analysis Plan, Site-Specific
Sampling Plan, and Field Operating Procedures, QA-02-03, Albuquerque Environmental Program
Department 3220, Albuquerque, New Mexico, 1991.
Sandia National Laboratories, Division 7723, Field Operation Procedure for Field Logbook Content and
Control, Environmental Restoration Department, Albuquerque, New Mexico, 1992.
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Prepared: Del R. Baird________ Technical Review: Ken Black
QA Review: David 0. Johnson_____ Approved:

S i g n a t u r e / b a t e '
Issued:

(' Signa tur e /Date

1.0 O B J E C T I V E
The objec t ive of this standard operating procedure (SOP) is to d e f i n e the techniques and the
requirements for co l l ec t ing surface soil samples.

2.0 BACKGROUND

2.1 D e f i n i t i o n s
S u r f a c e Soil - The soil that ex i s t s down from the surface approx imat e ly one f oo t (30 centimeters).
Depend ing on a p p l i c a t i o n , the soil interval to be sampled will vary.
Grab S a m p l e - A discrete por t ion or a l iquo t taken f r om a s p e c i f i c location at a given point in time.
C o m p o s i t e - Two or more subsamples taken from a s p e c i f i c media and site at a s p e c i f i c point in time.
The subsamples are col lec ted and mixed, then a s ing l e average sample is taken from the mixture.
S p o o n / S c o o p - A small stainless steel or Teflon utensil approximately 6 inches in length with a stem-
l ike handle.
Trowel - A small stainless steel or Teflon shovel approx imate ly 6 to 8 inches in length with a s l ight
(approx imat e ly 140°) curve across. The trowel has a stem-like handle (for hand operation). S a m p l e s
are co l l e c t ed with a spooning action.
2.2 Discussion
S u r f a c e soil samples are c o l l e c t ed to determine the t y p e ( s ) and l ev e l( s) of contamination and are o f t e n
important to risk assessment. The s e s a m p l e s may be c o l l e c t e d as part of an invest igative plan, site-
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spec i f i c sampling plan, and/or as a screen for "hot spots," which may require more extensive sampling.
Sediments) and s ludge(s) that have been exposed by evaporation, stream rerouting, or any other means
are collected by the same methods as those for surface soU(s). T y p i c a l l y , the top 1 to 2 centimeters (cm)
of material, including vegetation, are c a r e f u l l y removed before co l l ec t ion of the sample.
S u r f a c e soil and exposed sediment or s l u d g e are col lec ted using stainless steel and/or T e f l o n - l i n e d
trowels or scoops.
23 Associated Procedures

• CDM Federal SOP 1-2, S a m p l e C u s t o d y
• CDM Federal SOP 2-5, Packaging and S h i p p i n g of Environmental S a m p l e s
• CDM Federal SOP 4-1, Field Logbook Content and Control
• CDM Federal SOP 4-5, Field Equipment Decontamination at Nonradioactive S i t e s

3.0 RESPONSIBILITIES
S i t e Manager - The S i t e Manager is r e s p o n s i b l e for ensuring that sampl ing e f f o r t s are conducted in
accordance with this procedure and any other S O P s pertaining to s p e c i f i c media sampling.
F i e l d Team Leader - The Field Team Leader is responsible for ensuring that f i e l d personnel collect
surface soil samples in accordance wi th t h i s and other relevant procedures.

4.0 REQUIRED EQUIPMENT
Insula t ed cooler and waterproof s e a l i n g tapeIce bags or "blue ice"
Latex or appropriate g love s
Plast ic zip-top bags
Personal protective c l o t h i n g and equipment
Stainles s steel and/or T e f l o n - l i n e d spa tu la s and pans, trays, or bowls
S t a i n l e s s steel and/or T e f l o n - l i n e d t rowe l s or spoons (or equipment as s p e c i f i e d in the site-s p e c i f i c plans)
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• Plastic sheeting
Additional equipment are discussed in Section 5.2.2, VOC Field Sampl ing/Preservat ion Methods.

5.0 PROCEDURES

5.1 Preparation
The f o l l o w i n g steps must be f o l l o w e d when preparing for sample collection:
1. Don the appropriate persona] protective c lo thing as dictated by the s i t e - sp e c i f i c health and s a f e t y

plan.
2. The co l l ec t ion points shall be stated, located on a site map, and referenced in the f i e l d logbook.
3. Processes for ver i fy ing d e p t h of sampl ing must be s p e c i f i e d hi the s i t e- spec i f i c plans.
4. Place clean p la s t i c sheeting on a flat, level surface near the sampl ing area, if po s s i b l e , and place

equipment to be used on the p l a s t i c ; p l a c e the insulated cooler(s) on separate p la s t i c sheeting.
Cover all equipment and s u p p l i e s with clean p l a s t i c sheeting when not in use.

5. A clean, decontaminated trowel, scoop, or spoon will be used for each sample collected. Other
equipment may be used (e.g., s hove l s) if constructed of stainless steel.

5.2 Co l l e c t i on
The f o l l o w i n g general steps must be f o l l o w e d when co l l e c t ing surface soil samples:
1. Sur fa c e soil samples are normally col lected from the least-contaminated to the most-

contaminated areas. Stay outside a s p e c i f i c sampling location until all samples are collected at
that location.

2. Document the sampl ing events, recording the information in the designated f i e l d logbook.
Document any and all deviations from SOPs in the f i e l d logbook and include rationale for
changes. See COM Federal SOP 4-1.
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3. Care fu l ly remove stones, vegetation, snow, etc. from the sampling location surface.
4. First collect sample portions or aliquots for vo la t i l e analyses as well as any other samples that

would be degraded by aeration. F o l l o w with co l l e c t ion of samples for other analyses.
6. Decontaminate sampling equipment between locations. See CDM Federal SOP 4-5.

-\5.2.1 Method for C o l l e c t i n g S a m p l e s for V o l a t i l e Organic Compound ( V O C ) Analys i s
iThe requirements for c o l l e c t ing grab samples of surface soil for VOCs or other samples degraded by

aeration are as f o l l o w s :
1. VOC samples shall be co l l e c t ed with the least disturbance possible.
2. VOC samples shall be collected as grab samples; however, the method of col lect ion will vary from

site to site, based on data quality objectives and the degree of known or suspected contamination.
3. Label the sample containers with the appropriate information. Secure the label, covering it with a

piece of clear tape.
4. Use a clean stainless steel or T e f l o n - l i n e d trowel or spoon (or tube) to collect s u f f i c i e n t material in

one grab, over the required sampl ing interval, to fill the sample containers. „
5. With the aid of a clean s tainles s steel spa tu la , quickly fill the sample containers d i r e c t l y from; the

sampling device, removing stones, twigs, grass, etc., from the sample. Fill the containers as full and
compact as po s s ib l e to minimize headspace.

6. I m m e d i a t e l y secure the T e f l o n - l i n e d caps on the sample container.
7. Wipe the containers clean with a clean Kimwipe or paper towel.
8. Place the containers in individual zip-top p l a s t i c bag(s) and seal the bag(s).
9. Pack all samples as required. I n c l u d e properly completed documentation, and affix signed and dated

cus tody seals to the cooler l id .
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F i e l d S a m p l i n g / P r e s e r v a t i o n M e t h o d s
The f o l l o w i n g four sections contain SW 846 methods for sampling and f i e l d preservation. These methods
include EN CORE™ S a m p l e r Method for low level detection limits, EN CORE™ S a m p l e r Method for
high level/detect ion limits/screening, Acid preservation, and Methanol preservation. These methods may
be used if required by the EPA Region, client, or governing sample plan. These methods are very detai led
and contain equipment requirements at the beginning of each section.
Note: Some variations from these methods may be required dependh lg on the contracted analytical
laboratory, such as sample volume.
5.2.2.1 EN C O R E ™ S A M P L E R C O L L E C T I O N FOR LOW LEVEL ANALYSES £1 UG/KG)
EN C O R E ™ S a m p I i n g Equipment Requirements
The f o l l o w i n g equipment is required for low level analysis:

Two 5g samplers.
One 25g sampler or one 5g sampler for screening and or high level analysis. (The sampler
size used will be dependent on who is doing the sampl ing and who is doing the laboratory
analysis).
One dry weight cup.
One T-handle. *
Paper toweling.

EN CORE™ S a m p l i n g S t e p s for Low Level A n a l y s i s
1. Remove sampler and cap f r om package and attach T-handle to sampler body.
2. Quickly push the sampler into a f r e s h l y exposed surface of soil until the sampler is f u l l .
3. Use paper toweling to quickly wipe the sampler head so that the cap can be t i g h t l y attached.
4. Push cap on with a twisting motion to attach cap.
5. Fill out label and attach to sampler.
6. Repeat procedure for the other two samplers.
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7. Collec t dry weight sample.
8. Store samplers at 4 degrees Celsius.
Ship sample containers with plenty of ice to the laboratory within 40 hours of collection.
5.2.2.2 ACID PRESERVATION SAMPLING FOR LOW LEVEL ANALYSES £1 UG/KGJ
A c i d Preservation S a m p l i n g Equipment Requirements
The f o l l o w i n g equipment and supp l i e s are required for f i e l d Acid preservation:
• One 40mL VOA vial with acid preservation (for field testing of soil pH). Two pre-weighed 40mL

VOA vials with acid preservative and stir bar (for lab analysis)
Two pre-weighed 40mL VOA vials with water and stir bar (in case samples e f f erve s c e s).
One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a
pre-weighed vial that contains methanol (for screening sample and/or high level analysis).
One dry weight cup.
One 2oz jar with acid preservative (in case add i t i ona l acid is needed due to highsoil pH).
One scoop capable to deliver about one gram of solid sodium b i su l fa t e .
pH paper. •?.
Weighing balance that weighs to 0.01 g (with an accuracy of ±0.1g).
Set of balance weights used in d a i l y balance calibration. :

Gloves for working with pre-weighed sampl e vials.
Paper toweling.
Sodium b i s u l f a t e acid (NaHSOJ acid.
A c u t o f f p la s t i c syringe or other coring device to del iver 5 g or 25g of soil.

T e s t i n g E f f e r v e s c i n g C a p a c i t y o f S o i l s
Soils must be tested with acid to determine the amount of e f f e r v e s c i n g that will occur when preserved
with acid. E f f e r v e s c i n g will drive off VOCs as well as create a very high pressure in a sealed vial which
could explode. The f o l l o w i n g steps will provide information on the e f f erve s c ing capacity of the soil.
1. Place~5g of soil into a vial that contains acid preservative and no stir bar.
2. Do not cap this vial as it may EXPLODE upon interaction with the soil.
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3. Observe the sample for gas evolution (due to carbonates in the soil).
4. If vigorous or sustained gas evolution occurs; then acid preservation is not acceptable to preserve

the sample.
• In this case the samples need to be collected in the VOA vials with only water and a

stir bar. The vials with acid preservative CANNOT be used.
5. If a small amount or no gas evolution occurs: then acid preservation is acceptable to preserve

the sample. Keep this t e s t ing vial for use in the b u f f e r i n g testing detailed below.
• In this case the samples need to be c o l l e c t e d in the VOA vials with the acid preservative

and a stir bar.
T e s t i n g B u f f e r i n g C a p a c i t y o f S o i l s
The soils must be tested to determine the quantity of acid that is required to reach a less than 2 pH
reading. The f o l l o w i n g s teps will assist in de t ermining this quantity.
1. If acid preservation is a c c ep tab l e for s a m p l i n g s o i l s then the sample vial that was used in the

e f f e r v e s c i n g t e s t ing can be used here for the b u f f e r i n g testing. '•?.
2. Cap the vial that contains 5g of s o i l , acid preservative and no stir bar from step 1 in the --'

e f f e r v e s c i n g testing.
3. Shake the vial g en t ly to at t empt to make a homogenous solution.
4. When done, open the vial and check the pH of the acid so lut ion with the pH paper.
• If the pH paper reads below 2 then the s a m p l i n g can be done in the two pre-weighed 40mL

VOA trials with the acid preservative and stir bar. Since the pH was below 2, it is not
necessary to add addi t ional acid to the vials.

• If the pH paper reads above 2, then a d d i t i o n a l acid needs to be added to the sample vial.
5. Use the jar with the sol id sodium b i s u l f a t e acid and add another one gram of acid to the sample.
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6. Cap the vial and shake thoroughly again.
7. When done, open the vial and check the pH of the acid solut ion with a new piece of paper.
• If the pH paper reads below 2 then the sampl ing can be done in the two pre-weighed 40mL

VGA trials with the acid preservative and stir bar and one extra gram of acid.
• Make a note of the extra gram of acid needed so the same amount of extra acid can be added

to the vials the lab will analyze.
• If the pH paper reads above 2, then add another gram of acid and repeat this procedure one

more time.
Now that the soil chemistry has been determined the actual sampling can occur. The procedure stated
below assumes the correct vials are used based on the guidance discussed.
S a m p l e Preservation S t e p s
1. Wear gloves during all h a n d l i n g of pre-weighed vials.
2. Quickly collect a 5g s a m p l e using a cut 6ff p l a s t i c syringe or other coring device des igned

to d e l i v e r S g of soil f r om a f r e s h l y exposed sur fac e of soil. '•?.
3. C a r e f u l l y wipe exterior of s a m p l e c o l l e c t i o n device with clean paper toweling. :-
4. Quickly transfer to the appropr ia t e VGA t r i a l , ex truding with caution so that the solution

does not sp la sh out of the vial.
5. Add more acid if necessary (thi s is based on the b u f f e r i n g testing discussed in the previous

section).
6. Use the paper toweling and quickly remove any soil off the vial threads.
7. Cap vial and weigh the jar to the nearest 0.01 g.
8. Record exact weight on sampl e l a b e l .
9. Repeat sampling procedure for the d u p l i c a t e VGA vial.
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10. Weigh the vial with methanol preservative in it to the nearest 0.01 g. If the weight of the vial with
methanol varies by more than 0.0 Ig f rom the original weight recorded on the vial-discard the vial.
If the weight is within tolerance it can be used for soil preservation below,

11. Take the empty jar or the jar that contains the methanol preservative.
12. Quickly collect a 25g or 5g sample using a cut off plas t ic syringe or other coring device designed

to deliver 25g or 5g of soil from a f r e s h l y exposed surface of soil. The 25g or 5g size is dependent
on who is doing the s ampl ing and who is doing the laboratory analysis.

13. C a r e f u l l y wipe the exterior of the c o l l e c t i on device with clean paper toweling.
14. Quickly transfer the soil to an empty jar or a j a r that contains methanol. If extruding into a

jar that contains methanol be careful not to sp la sh the methanol outside of the vial. Again, the
type of jar received is dependent on who is doing the laboratory analysis.

15. If the jar used to co l l ec t the soil p l u g was empty be fore the soil was added, immediate ly
preserve with the methanol provided-using only one vial of methanol preservative per sample
jar.

16. Use the paper towel ing and remove any soil off of the vial threads and cap thejar.
17. Weigh the jar with the soil in it to the nearest 0.01 g and record the weight on the sample label. .-.-
18. C o l l e c t dry weight s a m p l e - f i l l container.
19. Store samples at 4 degrees Cels ius .

20. Ship sample containers with p l e n t y of ice and per Department of Transportat ion (DOT)
regulations ( C O R R O S I V E . F L A M M A B L E L I Q U I D . P O I S O N ) t o t h e laboratory.

5.2.2.3 EN CORE S A M P L E R C O L L E C T I O N FOR HIGH LEVEL ANALYSES £200 UG/KG)
EN CORE™ S a m p l i n g Equipment Requirements
The f o l l o w i n g equipment is required for high level analysis:
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• One 25g sampler or one 5g sampler (The sampler size used will be dependent on who is
doing the sampling and who is doing the laboratory analysis).

• One dry weight cup,
• One T-handle.
• Paper toweling.

EN C O R E ™ S a r o p I i n g S t e p s for H i g h Level Analys i s
1. Remove sample and cap from package and attach T-handl e to sampler body.
2. Quickly push the sampler into a f r e s h l y exposed surface of soil until the sampler is f u l l .
3. Use paper toweling to quickly wipe the sampler head so that the cap can be t i g h t l y attached.
4. Push cap on with a twisting motion to attach cap.
5. Fill out label and attached to sampler.
6. Collec t dry weight sample.
7. Store samplers at 4 degrees Celsius. #.
8. Ship sample containers with p l e n t y of ice to the laboratory within 40 hours of co l l ec t ion.
5.2.2.4 M E T H A N O L P R E S E R V A T I O N S A M P L I N G F O R H I G H LEVEL A N A L Y S E S
(>200 U G / K G )

M c f h a n o l Preservation S a m p l i n g Equipment Requirements
• One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a

pre-weighed vial that contains methanol (laboratory grade).
• One dry weight cup.
• W e i g h i n g balance that accurately weighs to 0.01 g (with accuracy of ±0.1 g).
• Set of balance weights used in d a i l y balance calibration.
• Latex gloves.
• Paper towel.
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• C u t o f f p la s t i c syringe or other coring device to deliver 5g or 25g of soil.
S a m p l i n g Preservation S t e p s
1. Wear gloves during all handling of pre-weighed vials.
2. Weigh the vial with methanol preservative in it to the nearest 0.01 g. If the weight of the vial

with methanol varies by more than 0.0 Ig from the original weight recorded on the vial-
discard the vial. If the weight is within tolerance it can be used for soil pre s ervat ion/co l l e c t ion
below.

3. Take the empty jar or the jar that contains the methanol preservative.
4. Quickly collect a 25g or 5g sample using a cut off p la s t i c syringe or other coring device

designed to de l iver 25g or 5g of soil f rom a f r e s h l y exposed surface of soil. The 25g or 5g
size used is dependent on who is doing the sampl ing and who is doing the laboratory analysis.

5. C a r e f u l l y wipe the exterior of the co l l e c t ion device with clean paper toweling.
6. Quickly trans f er the soil to an empty jar or a jar that contains methanol. If extruding into a

jar that contains methanol be careful not to sp la sh the methanol outside of the vial. Again, the
type of jar used is dependent on who is d o i n g the laboratory analysis. .»•

7. If the jar used to co l l e c t the soil p l u g was empty before the soil was added, immediate ly : -
preserve with the methanol prov id ed-u s ing only one vial of methanol preservative per sample
jar.

8. Using the paper toweling-remove any soil off of the vial threads and cap the jar.
9. W e i g h the jar with the soil in it to the nearest O.Olg and record the weight on the sample label.

10. Co l l e c t dry weight s a m p l e - f i l l container.
11. Store samples at 4 degrees Celsius.
12. S h i p sample containers with p l e n t y of ice and per DOT regulations (CORROSIVE.

F L A M M A B L E L I Q U I D . P O I S O N ) t o t h e laboratory.
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523 Method for Collec t ing S a m p l e s for Nonvo la t i l e Organic or Inorgani c Compound Analys i s
The requirements for collecting samples of surface soil for nonvolati le organic or inorganic analyses are
as f o l l ow s:
1. Label each sample container with the appropriate information. Secure the label by covering it

with a piece of clear tape.
2. Use a decontaminated stainless steel or T e f l o n - l i n e d trowel or spoon to obtain s u f f i c i e n t sample

. from the required interval and subsampling points, if necessary, to fill the s p e c i f i e d sample
containers.

3. Empty the contents of each fill of the sampling device d ire c t ly into a clean stainless steel or
T e f l o n - l i n e d tray or bowl.

4. Homogenize the sample by mixing with a spoon, spatula, or trowel.
5. Use the spoon, spatula, or trowel to di s tr ibute the uniform mixture into the labeled sample

containers. Fill organic sample containers f i r s t , then inorganics.
6. Secure the appropriate cap on each container immediately a f t er filling it

.•?,7. W i p e the sample containers clean with a clean K i m w i p e or paper towel.
8. Place sample containers in i n d i v i d u a l z ip- t op p l a s t i c bags and seal the bags.
9. Pack all samples as required. I n c l u d e p r o p e r l y completed documentation, and affix custody

seals to the cooler lid.
10. Decontaminate sampling equipment according to CDM Federal SOP 4-5.
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6.0 RESTRICTIONS/LIMITATIONS
When grab sampling for VOC analysis or for analysis of any other compound(s) that may be degraded
by aeration, it is necessary to minimize sample disturbance and, hence, analyze loss. The
representativeness of this sample, however, is d i f f i c u l t to determine because the collected sample
represents a single point, is not homogenized, and has been disturbed.

7.0 R E F E R E N C E S
U.S. Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control Requirements
For Field Methods, D O E / H W P - 6 9 / R 1 , July 1990 or current revision.
U.S. Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating
Procedures For Site Characterizations, D O E / H W P - 1 0 0 , July 1990 or current revision.
U.S. Environmental Protection Agency, A Compendium ofSuperfund Field Operations Methods,
E P A / 5 4 0 / P - 8 7 / 0 0 1 , December 1987 or current revision.
U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods (SW-846), Third Ed i t i on , N o v e m b e r 1986, (as amended by U p d a t e III, June 1997). Method
5035: C l o s e d - S y s t e m Purge-and-Trap and Extraction for V o l a t i l e Organics in Soi lar id Waste Sampl e s .
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' D a t e

S i g n t t u / e A u a t e

1.0 OBJECTIVE
Due to the evidentiary nature of samples collected during environmental inves t igations, possessionmust be traceable from the time the samples are collected until their derived data are introduced asevidence in legal proceedings. To maintain and document sample possession, sample custody
procedures are f o l l o w e d . All paperwork associated with the sample custody procedures will beretained in CDM Federal Programs Corporation (CDM Federa l) f i l e s unless the client requests thatit be transferred to them for use in legal proceedings or at the completion of the contract.

2.0 B A C K G R O U N D
2.1 Def ini t i ons
S a m p l e - A material to be analyzed that is contained in s ing l e or m u l t i p l e containers representing aunique sample i d e n t i f i c a t i o n number. "
S a m p l e C u s t o d y - A sample is under cus tody if: ~

1. It is in your possession.
2. It is in your view, a f t e r being in your possession.
3. It was in your possession and you locked it up.4. It is in a designated secure area.

C h a i n - o f - C u s t o d y Record - Form used to document the t rans f er of custody of samples f rom oneindividual to another.
C u s t o d y Seal - A cus tody seal is a tape-like seal that is part of the chain-of-custody process and isused to detect tampering with sample s a f t e r they have been packed for shipping.
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S a m p l e Label - Adhesive label placed on sample containers to designate a sample ident i f i cat ionnumber and other sampling information.
S a m p l e Tag - Tag attached with string to a sample container to designate a sample identi f i cat ion
number and other sampling information. Tags may be used when it is d i f f i c u l t to phy s i ca l ly placeadhesive labels on the container (e.g., in the case of small air sampling tubes).

3.0 RESPONSIBILITIES
S a m p l e r - The sampler is personally responsible for the care and custody of the samples collected
until they are properly transferred or dispatched.
H e l d Team Leader - The F i e l d Team Leader is responsible for ensuring that strict cnain-of-custody
procedures are maintained during all sampling events. The Field Team Leader is also responsiblefor coordinating with the subcontractor laboratory to ensure that adequate information is recorded oncustody records.

4.0 REQUIRED SUPPLIES
• Chain-o f-Cus tody Records ( a p p l i c a b l e CDM Federal f o r m s )
• Cus tody seals• S a m p l e labels or tags• Clear T a p e

5.0 PROCEDURES
5.1 Chain-of-Custody Record
This procedure establishes a method for maintaining custody of samples through use of a
Chain-of-Cus tody Record. T h i s procedure will be f o l l o w e d for all samples collected or spli t samplesaccepted.
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gield C u s t o d y
1. Collect only the number of samples needed to represent the media being sampled. To theextent pos s ib l e , determine the quantity and types of samples and sample locations prior to theactual f i e l dwork . As few p eop l e as pos s ible should handle samples.
2. The f i e l d sampler is personal ly responsible for the care and custody of the samples collecteduntil they are properly transferred or dispatched.
3. S a m p l e lab e l s or tags shall be comple ted for each sample, using waterproof ink.
4. The Field Team Leader determines whether proper custody procedures were f o l l o w e d during

the f i e l d w o r k and decides if addi t ional samples are required.

T r a n s f e r of C u s t o d y and S h i p m e n t
1. S a m p l e s are accompanied by a Chain-of-Cus tody Record (see Figure 1 for example ofC h a i n - o f - C u s t o d y Record), When t ran s f e rr ing the possession of samples, the individual sr e l inqu i sh ing and receiving will s ign, date, and note the time on the record. This record

documents sample custody t rans f e r from the sampler, o f t e n through another person, to theanalys t in the appropr ia t e laboratory. .«
• The d a t e / t i m e wi l l be the same for both signatures when custody is transferred directly

to another person. When sampl e s are shipped via common carrier (e.g., FederalExpres s), the d a t e / t i m e wil l not be the same for both signatures. Common carriers arenot required to sign the form.
• In all cases, it must be readi ly apparent that the person who received custody is the

same person who relinquished custody to the next custodian.
• If sample s are left unattended or a person refuses to sign, this must be documented andexplained on the C h a i n - o f - C u s t o d y Record.

2. S a m p l e s will be packaged p r o p e r l y for shipment and di spatched to the appropriate laboratoryfor ana ly s i s , with a separate cus tody record accompanying each shipment.
3. All sh ipment s will be accompanied by the C h a i n - o f - C u s t o d y Record i d e n t i f y i n g its contents.The original record wi l l accompany the shipment, and the copies will be retained by the Field
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Team Leader and if appl icable , distributed to the appropriate sample coordinators. Freightbil l s will also be retained by the Field Team Leader as part of the permanent documentation.(Refer to Figure 1)
Procedure for C o m p l e t i n g CDM Federal Chain-of-Cus todv Record (Refer to Figure I.)
1. Record projec t number.
2. Record F i e l d Team Leader for the projec t .
3. Record the name and address of the laboratory to which samples are being shipped.
4. Record the record number and total number of records being shipped for the day.
5. Enter the projec t name/location or code number.
6. Record overnight c o u r i e r ' s airbill number.
7. N o t e sample type (matrix) and reference number. I n c l u d e reference number on the Chain-of-Cus tody Record, box #9.
8. Record sample i d e n t i f i c a t i o n number.

39

9. Enter the reference number from box #7.
10. Enter date of sample col lec t ion.
11. Enter time of sample collect ion in military time.
12. Enter an X in appropriate box for sample designation - composite or grab.
13. Sampl er s must enter their init ials next to the samples they collected.
14. List parameters for analysis and the number of containers submitted for each analysis.
15. Enter MS/MSD (matrix s p ik e /ma tr i x spike d u p l i c a t e ) if sample is for laboratory quality

control, or other remarks (e.g. sample depth).
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Figure 1EXAMPLE CDM Federal Chain-of-Custody Record

C H A I N O F C U S T O D YRECORDCOM ROERAL n t O G A A M S C O R K M A T 1 O N

NOTE: If requested by the c l i ent , d i f f e r e n t Chain-o f-Cus tody records may be used. Copies ofthe t e m p l a t e for this record may be obtained from the F a i r f a x Graphics Department.
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16. Record the type of the preservative added by reference number and sample pH. Use theremarks column if no space is dedicated to preservative.
17. All samplers must sign in the space provided.
18. The originator checks information entered in items 1 through 17 and then signs the top left"Relinquished by" box, prints his/her name, and enters the current date and time (military).

• Upon completion of the custody record form, the top two copies (usually white andye l l ow) shall be sent with the samples to the laboratory; the bottom copy (usually pink)
is retained for the projec t f i l e s . Addi t i ona l copies will be retained for the projec t f i l eor di s tr ibuted as required to the appropriate sample coordinators.

19. The laboratory sample custodian receiving the samples checks the sample label informationagainst the custody record form. He or she also checks sample condition and notes anythingunusual under "Remarks" on the custody record form. The laboratory custodian receivingcus tody signs in the adjacent "Received by" box and keeps the pink copy. The white copy
is returned to CDM Federal.

5.2 S a m p l e Labels and T a g s
S a m p l e l a b e l s or tags will be utilized for all samples col lec ted or accepted for CDM Federal pro j e c t s ..»
1. Place adhesive labe l s d ir e c t ly on the sample containers. Place clear tape over the label to

protect from moisture. .-
2. S a m p l e tags will be securely attached to the sample bottle. On 80 oz. amber bo t t l e s , the tagstring may be looped through the ring s tyle handle and tied. On all other containers, it is

recommended that the string be looped around the neck of the bo t t l e , then twisted andrelooped around the neck until the slack in the string is removed.
3. One label or tag will be completed for each sample container collected. Each label or tag willbe comple t ed as f o l l o w s (see Figure 2 for example of sample tag); labels are completed withthe equivalent information:

• Record the Project Code (i.e., projec t or task number).• Enter the S t a t i o n Number if appl i cab l e .• Record the date to indicate the month, day, and year of sample collection.• Enter the time (mil i tary) of sample collection.
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Figure 2EXAMPLE Sampl e Tag

P l W M V B t l V K
YwD No O

A N A L Y S E S
BOO Mam

(188) (TDS) (SS)
C O D . T D & N u t n w i t t

Cyamai
O t f a n d O r M M

i

Pnomy
PMDOOM

Tag No. Lab Samprt No.

NOTE: Equivalent sample labels or tags may be used.
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Place a check to indicate composite or grab sample.Record the sample location.Samplers must sign in the space provided.Place a check next to "yes" or "no" to indicate if a preservative was added.Under "analyses," place a check next to the parameters for which the sample is to beanalyzed. If the desired analysis is not lis ted, write it in the empty slot. Note: Do
not write in the box for "laboratory sample number."• Under "remarks," add addit ional, relevant information.

5.3 Cus tody S e a l s
C u s t o d y seals must be placed on the sh ipp ing containers prior to shipment. The seal should be signed
and dated by a f i e l d team member.
C u s t o d y seals may also be placed on individual sample bottles. Check with the client or refer to EPA
regional guidel ines for direction.
5.4 S a m p l e S h i p p i n g -
CDM Federal's Standard Operating Procedure 2-5: Packaging and S h i p p i n g of Environmental
S a m p l e s e s tabl i she s a uni form method for packaging and s h i p p i n g low-level environmental samples.

6.0 RESTRICTIONS/LIMITATIONS
For EPA Contract Laboratory Program (CLP) sampling events, combined c h a i n - o f - c u s t o d y / t r a f f i c
report f orms or other EPA-spe c i f i c records may be utilized. Refer to regional guidelines forc o m p l e t i n g these forms.

7.0 REFERENCES
U.S. Environmental Protection Agency, A Compendium of Superfwd Field Operations Methods,E P A / 5 4 0 / P - 8 7 / 0 0 1 , December 1987.
U.S. Environmental Protection Agency, Samplers Guide to the Contract Laboratory Program,EPA/540/P-90/006 , December 1990.
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1.0 O B J E C T I V E
The objective of this standard operating procedure (SOP) is to establish packaging and sh ipp ing
requirements and guidelines for environmental sample shipping.

2.0 BACKGROUND
2.1 Definitions
Environmental S a m p l e - An Environmental S a m p l e is any sample that has less than rcportable
quantities for any hazardous constituents according to Department of Transportation (DOT) regulations
promulgated in 49 CFR - Part 172.
£hain of C u s t o d y Seal - Narrow strip of adhesive paper used to demonstrate that no tampering hasoccurred. JT

2.2 Discussion
Proper packaging and shipping is necessary to ensure the protection of the integrity of environmentalsamples shipped for analysis.
23 Associated Procedure

• CDM Federal SOP 1-2, S a m p l e Custody

3.0 RESPONSIBILITIES
F i e l d Team Leader - The Fie ld Team Leader is responsible for ensuring that packaging and sampling
procedures are conducted in accordance with this SOP. The F i e l d Team Leader is also responsible forensuring that laboratory analysis of samples is properly coordinated by CDM Federal.
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4.0 REQUIRED E Q U I P M E N T
Coolers with return address of CDM Federal o f f i c eHeavy-duty plas t i c garbage bagsPlastic zap-top bags, small and large
Clear T a p eFiber tape
Duct tape
Vermiculhe (or equivalent)*Bubble wrap (optional)
IceChain-of-Custody sealsComple ted Chain-of-Custody record or CLP custody records if appl i cable
Comple ted Bill of Lading
"This End Up" and directional arrow labels

Check for any client-speci f ic or laboratory requirements related to the use of absorbent packagingmaterials.

5.0 PROCEDURES
The f o l l o w i n g steps must be f o l l owed when packing sample bo t t l e s and jars for shipment:

#4

1. V e r i f y the samples undergoing shipment meet the de f ini t ion of "Environmental Sample" and arenot a hazardous material as de f ined by DOT. Professional judgement and/or consultation withthe appropriate Heal th and Safety Coordinator or the H e a l t h and Safety Manager should beobserved.
2. Selec t a sturdy cooler in good repair. Secure and tape the drain p l u g with f i b er or duct tape.

Line the cooler with a large heavy-duty p la s t i c garbage bag.
3. Be sure the caps on all bot t le s are tight (will not leak); check to see that labels and chain-of-custody records are completed properly (SOP 1-2, S a m p l e Custody).
4. Place all bott les in separate and appropria t e ly sized p la s t i c zip-top bags and close the bags. Up

to three VOA vials may be packed in one bag. Bottles may be wrapped in bubble wrap.Optionally, place three to six VOA vials in a quart metal can and then fill the can withvermiculite or equivalent. Note: Trip blanks must be included in coolers containing VOAsamples.
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5. Place two to four inches of vermiculhe (or equivalent) into a cooler that has been lined with a
trash bag, and then place the bot t le s and cans in the bag with su f f i c i en t space to allow for theaddition of more packing material between-the bottles and cans. It is pre f erable to place glasssample bott les and jars into the cooler vertically. Due to the strength properties of a glasscontainer, there is much less chance for breakage when the container is packed vertically rather
than horizontally.

6. Put ice in large p la s t i c zip-top bags (double bagging the zip-tops is pre f erred) and properly seal.Place the ice bags on top of and/or between the samples. Several bags of ice are required(dependant on outdoor temperature, staging time, etc.) to maintain the cooler temperature atless than or equal to 4° Centigrade. Fill all remaining space between the bott les or cans withpacking material. Securely fas ten the top of the large garbage bag with f iber or duct tape.
7. Place the completed Chain-of-Custody Record or the CLP Traffic Report Form (if a p p l i c a b l e )

for the laboratory into a plas t i c zip-top bag, seal the bag, tape the bag to the inner side of thecooler's l id , and then close the cooler.
8. Fiber tape shall be wrapped around each end of the cooler two times, and completed Chain-of-

Custody seals a f f i x e d to the top oppos i te sides of the cooler, half on the f iber tape so that thecooler cannot be opened without breaking the seal. Complete two more wraps around withfiber tape; place clear tape over custody seals.
9. The shipping container lid must be marked "THIS END UP" and arrow labels which indicate theproper upward position of the container should be a f f i x e d to the cooler. A label containing thename and address of the shipper (CDM F e d e r a l ) shall be placed on the outside of the container.Labels used in the shipment of hazardous materials (such as Cargo Only Air Cra f t , FlammableS o l i d s , etc.) are not permitted to be on the outside of the container used to transportenvironmental samples and shall not be used. The name and address of the laboratory shall beplaced on the container, or when sh ipping by common courier, the Bill of Lading shall be

completed and attached to the lid of the sh ipp ing container.

6.0 RESTRICTIONS/LIMITATIONS
The holding times for the samples packed for shipment must not be exceeded. It is recommended that
samples be packed in time to be shipped nightly for overnight delivery. Use caution when shippingsamples for weekend delivery; make arrangements with laboratory before sending samples.
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7.0 REFERENCES
U.S. Environmental Protection Agency, Sampler's Guide to the Contract Laboratory Program,
EPA/540/P-90/006, December 1990.
U.S. Environmental Protection Agency, Region IV, Standard Operating Procedures and QualityAssurance Manual, February 1991.
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1.0 O B J E C T I V E
The purpose of this standard operating procedure (SOP) is to provide standard guidel ines and methodsfor photographic documentation, which include s t i l l photography and video tape recordings, of f i e l d
activities and site f eatures (geo logi c formations , core sections, l i t h o l o g i c samples, water sample s ,general site layout, etc.). Thi s document shall provide guidelines designed for use by a pro f e s s i onalor amateur photographer. T h i s SOP is intended for circumstances when formal photographic
documentation is required. Based on projec t requirements, it may not be appl i cab l e for all photographicactivities.

2.0 BACKGROUND
2.1 Definitions

*

Photographer - Camera operator (pro f e s s i ona l or amateur) of either s t i l l pho tography or video tape
recording whose primary funct ion with regard to this SOP is to produce documentary or data-oriented
visual media.
Identifier Component - Visual components used within a photograph such as visual s late s , reference
markers, pointers.
Standard Reference Marker - A reference marker that is used to indicate a feature size in the photograph
and is a standard length of measure, such as a ruler, meter stick, etc. In limited instances, if a ruledmarker is not available or its use is not f e a s i b l e , it can be a common object of known size placed withinthe visual f i e l d and used for scale.
SJales - Blank, white, index cards used to write information pertaining to the sub j e c t /proc edure being
photographed. Letters and numbers on the slate will be bold and written with black, indelible markingpens.
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^rrows and Pointers - A marker used to indicate and/or draw attention to a special f ea ture within the
photograph.
Contras t ing Backgrounds - Backdrop used to lay soil samples , borings, or other objects for clearer
viewing and to delineate features.
Data Recording Camera Back - A camera attachment or built-in feature that will record, at the very
least, frame numbers and dates directly on the f i l m .
2.2 Discussion
Photographs and video tape recordings made during f i e l d investigations are used as an aid in
documenting and describing site f eature s , sample collection activities, equipment used and po s s i b l el i t ho l og i c interpretation. This SOP is designed to i l lustrate the format and desired placement of
ident i f i er components, such as visual s lates , standard reference markers, and pointers. These itemsshall become an integral part of the "visual media" that, for the purpose of this document, shallencompass both s t i l l photographs including d ig i ta l photographs and video tape recordings (or video
f oo tage). The use of a photographic logbook and standardized entry procedures are outlined as well.These procedures and guidelines will minimize potential ambiguities that may arise when viewing the
visual media and ensures the representative nature of the photographic documentation.

3.0 RESPONSIBILITIES
F i e l d Team Leader (FTL) - The FTL is responsible for ensuring that the nature and form of data
entries are conducted in accordance with this procedure.
Photographer - The photographer shall seek direction from the FTL and discuss the visualdocumentation requirements and schedule, regularly. The FTL is responsible for directing thephotographer to sp e c i f i c situations, site f eatures , or operations that the photographer will be responsible
for documenting. The photographer is responsible for maintaining a logbook per Sections 5.1, 5.2.4,and 5.3.1 of this SOP.
4.0 REQUIRED E Q U I P M E N T

• 35mm camera or d i s p o s a b l e s ingle use camera (35mm or panoramic use)• Digital Camera• Video Camera
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LogbookI n d e l i b l e black ink penStandard reference markersSlat e s
Arrows or pointers
Contrasting backgroundsMedium speed, or multi purpose fine-grain, color, 35-mm, negative f i l m or s l i d e f i l m
(proje c t dependent)
Data recording camera back (if available)Storage disk for digi tal camera

5.0 PROCEDURES
5.1 Documentation
A commercially available, bound logbook will be used to log and document photographic activities.
Review the CDM Federal SOP 4-1 Field Logbook Content and Control and prepare all s upp l i e s needed
for logbook entries.
Note: A separate photographic logbook is not required. A portion of the f i e l d logbook or site s a f e t y
logbook may be designated as the photographic log section.

XT

5.1.1 F i e l d - H e a l t h and S a f e t y Considerations
There are no hazards that an individual will be exposed to s p e c i f i c to photographic documentation.However, s i t e - sp e c i f i c hazards may arise depending on location or operation. Personal protective
equipment used hi this operation will be site s p e c i f i c and dictated through requirements set by the S i t eSafety O f f i c e r , site H e a l t h and Safety Plan, and/or prescribed by the CDM Federal Corporate H e a l t h
and Safety Program. The photographer should contact the Site Safety O f f i c e r for health and sa f e ty
orientation prior to commencing f i e l d activities. The Site Heal th and Safety Plan must be read priorto entry to the site, and all indiv idual s must sign the appropriate acknowledgement that this has beendone.
The photographer should be aware of any potential physical hazardous while photographing the subject(i.e., low overhead hazard, edge of excavation).
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5.2 OPERATION
5.2.1 General Photographic Activities in the Field
The f o l l o w i n g sections (5.2.1 - 5.3.2) provide general guidelines that should be f o l l o w e d to v i s u a l l y
document f i e l d activities and site features using still cameras and video equipment. The photographer
shall seek direction from the FTL and discuss the visual documentation requirements and schedule,regularly. The FTL is responsible for directing the photographer to s p e c i f i c s i tuations, site f eatures ,or operations which the photographer will be responsible for documenting. Listed below are general
suggestions that the photographer should consider when performing activities under this SOP:
• The photographer should be prepared to make a variety of shots, from close-up to wide angle.

Many shots will be repetitive in nature or format e spec ia l ly close-up site feature photographs .
Consideration should therefore be given to designing a system or technique that will provide a
reliable repetition of performance.

• All s t i l l photographs should be made using a medium speed, or multi purpose fine-grain, color
negative f i l m in the 35-mm format unless otherwise directed by the FTL.

• It is suggested that Kodak brand "Ektapress Gold Deluxe" f i l m or equivalent be used as the
standard f i l m for the s t i l l pho tography requirements of the f i e l d activities. Thi s f i l m is s table
at room temperature a f t e r exposure and will better survive the time lag between exposure andprocessing. It is suggested that f i l m speed ASA 100 should be used for Outdoor photographs
in bright sunlight, ASA 200 f i l m should be used in cloudy conditions, and ASA 400 f i l m should
be used indoors or for very low-l ight outdoor photographs.

• No preference of video tape brand is s p e c i f i e d , and is left to the discretion of the photographer.

The l ight ing for sample and feature photography should be oriented toward a flat condition with
l i t t l e or no shadow. If the ambient l ight ing conditions are inadequate, the photographer should
be prepared to augment the l i g h t (perhaps with r e f l e c t or s or electronic f l a s h ) to maintain thedesired visual e f f e c t .
Digital pho tography qua l i ty is determined by the camera. A camera that obtains a higher
resolution has a higher number of pixe l s , and will store a fewer number of photographs per eachdisk.
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5.2.2 Genera] Guidelines for Still Photography
Each new roll of f i l m , digi tal storage disk and video tape shall contain upon the f ir s t usable frame (for
film) or at the beginning of the tape (for video), a slate with the f o l l o w i n g information:
• A consecutively assigned control number (a consecutive, unique number that is assigned by the

photographer to each roll of f i l m or video tape, such as in sample numbers)
• The site location
• F T L ' s name
• P h o t o g r a p h e r ' s name
• Date
Caption I n f o r m a t i o n
All still photographs will have a full caption permanently attached to the back containing the f o l l o w i n g
information:
• F i l m roll control number and p h o t o g r a p h document control number• A brief site or scene description (What , Where, Who, Why)
• Date
• Time
• Direction
• Photographed by ?

• Witnessed by (if a p p l i c a b l e )
A standard reference marker should be used in all documentary visual media. While the standardreference marker will predominantly be used in close-up feature documentation, inclusion in all scenesshould be considered.
Close-up and Feature Pho tography
All close-up photographs will include a standard reference marker of appropriate size as an indication
of the feature size and should contain a s la t e marked with the site name and any i d e n t i f y i n g label, suchas a well number or core d e p t h , that c l e a r l y communicates to the viewer the s p e c i f i c f eature beingphotographed.
Feature sample s , core pieces, and other l i t h o l o g i c media should be photographed as soon as po s s i b l e
af t er they have been removed from their in situ locations. T h i s enables a more accurate record of their
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initial condition and color. Include a standard reference color s trip (color chart such as Munsell SoilColor Chart or that available from Eastman Kodak Co.) within the scene. This is to be included for
the benefit of the viewer of the photographic document and serves as a reference aide to the viewer for
l i tho log i c observations and interpretations.
The photographer will permanently attach a caption containing pertinent information to the pho tograph
af t er it has been produced and prior to submitting it to the projec t f i l e s .
Site Photography
Site photography, in general, will consist predominantly of medium and wide angle shots. A standard
reference marker should be placed adjacent to the feature, or when this is not pos s ib le , within the same
f o ca l plane.
While it is encouraged that a standard reference marker and c a p t i o n / s l a t e be included in the scene, it
is understood that situations will arise that preclude their inclusion within the scene. T h i s will be
e spec ial ly true of wide angle shots. In such a case, the f i l m / t a p e control number shall be entered in the
photographic logbook along with the frame number and all other information pertinent to the scene.
The photographer will permanently attach a caption containing this information to the photograph a f t e r
it has been produced and prior to submitting it to the pro j e c t f i l e s .
Panoramic *•
In situations where a wide angle lens does not provide s u f f i c i e n t subject d e t a i l , a single-use d i spo sa l
panoramic camera is recommended. If this type of camera is not available, a panoramic series of two
or three photos would be appropriate . Panoramics can provide greater detail while covering a wide
sub j e c t , such as an overall shot of a site.
To shoot a panoramic series using a standard 35mm camera, the f o l l o w i n g procedure is recommended.
• Uti l i z ing a stable surface or tripod to support the camera is recommended.
• 20-30% from overlap while maintaining a uniform horizon is suggested.
• 2 to 3 photos per series is recommended.
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5.2.3 Genera) Photographic Documentation Using Video Cameras
As a reminder, it is not within the scope of this document to set guidelines for presentation or "show"
video tape recording. The following guidelines are set for documentary video tape recordings onfy and
should be implemented at the discretion of the FIL:
All documentary video tape recordings of field activities shall include an audio slate for all scenes. At
the beginning of each video session an announcer will recite the f o l l o w i n g information: date, time (in
military units), photographer, site ID number, and site location. Thi s oral account should include any
additional information c lar i fy ing the subject matter being recorded.
A standard reference marker should be used when taking close-up shots of site f eature s with a videocamera. The scene should also include a c a p t i o n / s l a t e . It shall be placed adjacent and paral le l to the
f eature being photographed.
It is strongly encouraged that a standard reference marker and c a p t i o n / s l a t e be included in all scenes.
The caption information is vital to the value of the documentary visual media and should be included.
If it is not included within the scene, it should be placed before the scene.
Original video tape recordings will not be edited. Thi s will maintain the integrity of the information
contained on the video tape. If editing is desired, a working copy of the original video tape recording
can be made. The original video tape will be archived hi accordance with Sect ion 5.3.2.
5.2.4 Photographic Documentation "
Photographic activities must be documented in a photographic logbook or in a section of the f i e l dlogbook or site s a f e t y logbook. Each logbook will be assigned a document control number. The
photographer will be responsible for making proper entries.
In addi t ion to f o l l o w i n g the technical s tandards for logbook entry as referenced hi Sect ion 5.1.2, the
f o l l o w i n g information should be maintained in the appropriate logbook:
• An entry shall be made for each new r o l l / t a p e control number assigned. Include informationthat is recorded on the f i l m / t a p e control slate (the site location, FTL's name, photographername, and date).
• A descript ion of the general se tup, including approximate distance between the camera and the

s ub j e c t , will be recorded in the appropriate logbook. I n c l u d e pertinent information that is
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necessary to provide a complete and full caption for each scene (refer to Sec t i on s 5.2.2 and
5.2.3).

• The laboratory used for photographic processing will be recorded (if known) in the appropriatelogbook. Record the time and date that f i l m is submitted to the photographic laboratory, as wellas the time and date that the negatives and prints are received from the photographic laboratory.
• Document all situations encountered that cause an interruption in the progress of photographic

activities under this SOP.
• Record as much other information as possible to assist in the ident i f i cat ion of the photographic

document.
5.3 Post Operation
All f i l m will be sent for development and print ing to a predetermined photographic laboratory (to bedetermined by the photographer). The photographer will be responsible for arranging transport of the
f i l m from the f i e l d to the photographic laboratory. The photographer shall also be responsible fordelivery of the negatives and photographs or video tape to the projec t management.
5.3.1 Documentation
At the end of each day's photographic session, the pho tographer s) will ensure" that the appropriate
logbook has been compl e t e ly f i l l e d out and maintained as outlined in CDM Federal SOP 4-1.
5.3.2 Archive Procedures
1. All r o l l s of f i l m , video tape recordings, and photographs should be considered controlled

documents. There fore , all photographs and the associated set of negatives and original unediteddocumentary video tape recordings will be submitted to the projec t f i l e s and handledaccordingly. The FTL will ensure their proper distribution. j
2. Based on s p e c i f i c project requirements, the photographer will assign each roll of f i l m or

photograph a control number. Film control numbers may be photographed on the f ir s t usableframe of the f i l m and permanently attached to the negative s leeve/holders . Control numbers for
photographs may contain the control number of the f i l m and the frame number from which the
photograph was made and be written on the back of the photograph. All control numbers willbe written with black i n d e l i b l e ink.

CDM FEDERAL PROGRAMS CORPORATION ' Technical Sttndard Operating Procedures



SOP 4-2
P H O T O G R A P H I C DOCUMENTATION Revision: 3
OF F I E L D ACTIVITIES Date: February 18,1999Page 9 of 9

3. Original video tape f o o t a g e shall be assigned a document control number. Video tapes musthave a document control number written on the tape case as well as the video tape cassette. Alldocument control numbers will be written with black indel ib le ink. Original video f o o t a g e shall
not be edited but may be copied.

4. Completed pages of the appropriate logbook will be copied weekly and submitted to the project
f i l e s .

6.0 RESTRICTIONS/LIMITATIONS
T h i s document is designed to provide a set of guidelines for the f i e l d amateur or pro f e s s i onal
photographer to ensure that an e f f e c t i v e and standardized program of visual documentation is
maintained.
It is not within the scope of this document to provide instruction hi photographic procedures, nor is it
within the scope of this document to set guidelines for presentation or "show" photography.
The procedures outlined herein are general by nature. The FTL is responsible for direc t ly s p e c i f i c
operational activity or procedure. Questions concerning s p e c i f i c procedures or requirements should
be directed to the FTL.

7.0 R E F E R E N C E S
Sandia National Laboratories, Procedure for Preparing Sampling and Analysis Plans, Site-Specific
Sampling Plans, and Field Operating Procedures, QA-02-03, Environmental Programs
Department 3220, Albuquerque, New Mexico, 1991.
Sandia National Laboratories, Division 7723, Field Operating Procedure for Field Logbook Content
and Control, PRO 92-04, Environmental Restoration Department, Albuquerque, New Mexico, 1992.
U.S. Department of Energy, Yucca Mountain Projec t , Branch Technical Procedure: Field Logging,
Handling, and Documenting Borehole Samples; Las Vegas, Nevada, 1989.

COM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedure*



A p p e n d i x ? -,
(SOP 4-5) F i e l d Equipment Decontamination at Non-Radioactive Site s



F I E L D E Q U I P M E N T D E C O N T A M I N A T I O N
A T N O N R A D I O A C T I V E S I T E S

SOP: 4-5
Revision: 3
Date: March 13,1998
Page: 1 of 8

Prepared: Susan Flakus
QA Review: David 0. Johnson
Issued

The objective of this standard operating procedure (SOP) is to describe the procedures required fordecontamination of f i e l d equipment

2.0 BACKGROUND
2.1 Definitions
C|ean - Free of visible contamination and when decontamination has been completed in accordancewith this SOP.
Cross-Contamination - The transfer of contaminants through equipment or personnel from thecontamination source to less contaminated or noncontaminated samples or areas.
Decontamination - The process of rinsing or otherwise cleaning the surfaces of equipment to rid them
of contaminants and to minimize the potential for cross contamination of samples or exposure ofpersonnel.
2.2 Discussion
Decontamination of f i e l d equipment is necessary to ensure the quality of samples by preventing crosscontamination. Further, decontamination reduces health hazards and prevents the spread ofcontaminants o f f - s i t e .

3.0 RESPONSIBILITIES
Field Team Leader - The Field Team Leader (FTL) ensures that f i e l d personnel are trained in theperformance of this procedure and that decontamination is conducted in accordance with this procedure.The FTL may also be required to col lect and document rinsate samples to provide quantitativeverification that these procedures have been correctly implemented.
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4.0 REQUIRED EQUIPMENT
•" • S t i f f - b r i s t l e scrub brushes• Plastic buckets and troughs• Laboratory-grade detergent (low phosphate)• Nalgene or Teflon Sprayers or wash bottles or 2- to 5-gallon, manual-pump sprayer (pumpsprayer material must be compatible with the solution used)

• Plastic sheeting• Disposable wipes or rags• Potable water and/or deionized water and/or American Soc i e ty for T e s t i n g and Materials(ASTM) T y p e II or better, as d e f in ed by ASTM Standard S p e c i f i c a t i o n for Reagent Water,
Standard D 1193-77 (re-approved 1983)*• Gloves, s a f e t y glasses, and other protective clothing as s p e c i f i e d in the s i t e - s p e c i f i c health andsa f e ty plan• High-pressure pump with soap dispenser or steam-spray unit (for large equipment only)• Appropr ia t e decontamination solutions pe s t i c ide grade or better and traceable to a source (e.g.10% and/or 1% nitric acid (HNO3), acetone, methanol, i sopropanol, hexane)• T o o l s for equipment assembly and disassembly (as required)

• 55-gaIlon drums or tanks (as required)• P a l l e t s for drums or tanks ho ld ing decontamination water (as required)
* Potable, deionized, and ASTM T y p e II water may be required to be tested for contaminantsbefore use. Check f i e l d p lan for requirements.

5.0 PROCEDURES
All reusable equipment (non-dedicated) used to co l l e c t , handle, or measure samples will be
decontaminated before coming into contact with any sample. Decontamination of equipment will occureither at the central decontamination station or at portable decontamination stations set up at thesampling location, dri l l sites, or monitoring well locations. The central ly located decontaminationstation will include an appropr ia t e ly sized bermed area on which equipment decontamination will occurand shall be equipped with a col lec t ion system and storage vessels. In certain circumstances, berming
is not required when small quantities of water are being generated and for some short duration f i e l dactivities (i.e., pre-remedial sampling).
The decontamination area will be constructed so that contaminated water is either co l l e c t ed d i r e c t ly intoappropriate containers (5-gal lon buckets or steel wash tubs) or within the berms of the decontaminationarea which then drains into a co l l e c t i on system. Water from the co l l e c t ion system will be pumped into
55-gal lon drums or portable tanks for storage. T y p i c a l l y , decontamination water will be staged untilsampl ing results or waste characterization results are obtained and evaluated and the proper d i s po s i t i on
COM FEDERAL PROGRAMS CORPORATION T e c h n i c a l Standard Operating Procedures
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of the waste is determined. The exact procedure for decontamination waste disposal should bediscussed in the f i e l d plan. A l s o , decontamination f l u i d s , such as solvents may need to be segregated
from other investigation derived wastes.
All items that will come into contact with p o t e n t i a l l y contaminated media will be decontaminatedbefore use and between sampling and/or d r i l l i n g locations. If decontaminated items are notimmediately used, they will be covered either with plas t i c or aluminum f o i l depending on the size of the
item. All decontamination procedures for the equipment being used are as f o l l o w s :
General Guide l ine s
• Potable and deionized water should be free of all contaminants of concern. F o l l o w i n g the f i e l d

plan, analytical data from the water source may be required. If required, either exist ing analytical
data from the water source supp l i e r (i.e., municipali ty, bo t t l ed water company, deionized waterproducer) may be obtained or chemical testing may be performed on the selected source.

• S o a p used in the soap and water rinse s tep will be a low phosphate detergent.
• S a m p l i n g equipment that has come into contact with oil and grease will be cleaned with methanolor other approved alternative to remove the oily material. T h i s may be f o l l o w e d by a hexane rinse

and then another methanol rinse. Regulatory or client requirements will be stated in the f i e l d plan.
• Decontaminated equipment will be allowed to air dry before being used.

.*?•• Documentation for all cleaning will be recorded in the appropriate logbook.
• All solvents will be pe s t i c ide grade or better and traceable to a source. The corresponding lotnumbers will be recorded in the appropriate logbook.
• Gloves , boots, s a f e t y glasses, and any other personnel protective c lo thing and equipment will beused as s p e c i f i e d in the s i t e - s p e c i f i c health and sa f e ty plan.
5.1 Heavy Equipment Decontamination
Heavy equipment includes d r i l l i n g rigs and backhoes. F o l l o w these s teps when decontaminating thisequipment:

1. Es tab l i sh a decontamination area with berms that is large enough to fully contain the
equipment to be cleaned. If available, an exi s t ing wash pad or appropriate paved and bermedarea may be ut i l ized; otherwise, use one or more layers of heavy p l a s t i c sheeting to cover the
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ground surface and berms. All decontamination pads should be upwind of the area to
investigated.

2. With the rig in place , spray areas (rear of rig or backhoe) exposed to contaminated soils usinga hot water high-pressure sprayer. Be sure to spray down all surfaces, including theundercarriage.
3. Use brushes, and low phosphate detergent and po tab l e water to remove dirt whenever

necessary.
4. Remove equipment from the decontamination pad and a l l ow it to air dry before returning it to

the work site.
5. Record equipment type, date, time, and method of decontamination in the appropr ia t elogbook.
6. A f t e r decontamination act ivit ie s are comple t ed , collect all contaminated waste water, p l a s t i csheeting, and d i spo sab l e gloves, boots, and clothing hi separate containers or receptacles. All

receptacles containing contaminated items must be proper ly labeled for di sposal as de tai l ed inthe f i e l d plan. Liquid s and so l id s must be drummed separately.
5.2 Downbole Equipment Decontamination
Downhole equipment decontamination includes hollow-stem augers, dri l l p i p e s , oasings, screens, etc.F o l l o w these s teps when decontaminating this equipment:

1. Set up a centralized decontamination area, if pos s ib l e . T h i s area should be set up to col lect
contaminated rinse waters and to minimize the spread of airborne spray.

2. Set up a "clean" area upwind of the decontamination area to receive cleaned equipment for air
drying. At a minimum, clean p l a s t i c sheeting must be used to cover the ground, tables, or
other surfaces on which decontaminated equipment is to be placed. All decontamination pad sshould be upwind of any areas under investigation.

3. Place the object to be cleaned on aluminum f o i l or plastic-covered wooden sawhorses or othersupports.
4. Using low pho sphat e detergent and po tab l e water in the hot water high-pressure sprayer (or

steam unit), spray the contaminated equipment. Aim downward to avoid spraying out s ide thedecontamination area. Be sure to spray inside corners and gaps e s p e c i a l l y well. Use a brush,if necessary, to d i s l o d g e dirt.
CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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5. If using soapy water, rinse the equipment using clean, potable water. If using hot water, therinse step is not necessary if the hot water does not contain a detergent. If the hot water
contains a detergent, this f inal clean water rinse is required.

6. Using the manual-pump sprayer, rinse the equipment thoroughly with deionized water (ASTM
T y p e n or better).

7. Remove the equipment from the decontamination area and place in a clean area upwind to air
dry.

8. Record equipment type, date, time, and method of decontamination in the appropriate
logbook.

9. After decontamination activities are completed, collect all contaminated waste waters, p la s t i csheeting, and di spo sab l e gloves, boots, and clothing in separate containers or receptacles. Ailreceptacles containing contaminated items must be proper ly labeled for d i spo sa l . Liqu id s and
sol ids must be drummed separately.

5.3 S a m p l i n g Equipment Decontamination
S a m p l i n g equipment includes s p l i t spoons, spatulas, and bowls used for sample homogenization that
d ire c t ly contact sample media. F o l l o w these steps when decontaminating this equipment:

1. Set up a decontamination line on p l a s t i c sheeting. The decontaminat ionj ine should progress
from "dirty" to "clean" and have an area located upwind for drying decontaminatedequipment. At a minimum, clean p l a s t i c sheeting must be used to cover the ground, tables, or
the surfaces on which decontaminated equipment is to be placed for drying.

2. Before washing, di sas s emble any items that might trap contaminants internal ly. Do notreassemble these items until decontamination and air drying are complete. Wash items
thoroughly in a bucket of low pho sphat e detergent and po tab l e water. Use a s t i f f - b r i s t l e brushto d i s l o d g e any gross contamination (soil or debris).

3. Rinse the item in po tab l e water. Rinse water should be replaced as needed, general ly whencloudy.
4. Using a hand sprayer, wash b o t t l e s , or manual-pump sprayer, rinse the item with deionizedwater (ASTM Type II or better).
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5. If required by the s i t e - sp e c i f i c f i e l d plans, rinse the item with 10% nitric acid (for stainlesssteel, glass, p la s t i c , and Teflon), or 1% nitric acid (for items made of low-carbon s t e e l )
f o l l o w e d by a deionized water (ASTM T y p e II or better) rinse.
N O T E : Care should be taken not to get nitric acid on skin or clothing. T h i s step should notbe used unless required by sampling needs as dictated in the f i e l d plan.
CAUTION: Do not al low nitric acid to contact methanol or hexane. Contain nitric acid

waste separate from organic solvents.
6. If sampling for organic analytes, rinse the item with methanol or approved organic solver^.
7. Rinse the item with deionized water (ASTM T y p e II or better).
8. If required by the f i e l d plan, when sampling for polar organic compounds such as pe s t i c ide s ,polychlorinated biphenyls (PCBs), and f u e l s , rinse the item with hexane or approvedalternatives, f o l l o w e d by a second methanol rinse.
9. A l l o w the item to air dry complete ly.
10. After drying, wrap the clean item in p la s t i c wrap or in aluminum f o i l , shiny side out.
11. Record equipment type, date, time, and method of decontamination in the appropriatelogbook.
12. After decontamination activit ies are comple t ed , col lec t all contaminated waters, used solventsand acids, p la s t i c sheeting, and d i spo sab l e gloves, boots, and clothing. Place contaminateditems in proper ly labeled drums for d i spo sa l . Liquids and s o l id s must be drummed separately.(Refer to s i t e - sp e c i f i c p lans for l a b e l i n g and waste management requirements).

5.4 Pump Decontamination
F o l l o w these steps when decontaminating pumps:

1. Set up the decontamination area and separate "clean" storage area using p la s t i c sheeting tocover the ground, tables, and other porous surfaces. Set up three 55-gallon drums and one ormore containers of ASTM Type II water (or as s p e c i f i e d in the f i e l d p l a n ) with one drumcontaining d i lu t e (nonfoaming) soapy water, the second drum containing po tab l e water, andthe third drum receiving waste water.
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2. The pump should be set up in the same configuration as for sampling. Submerge the pumpintake (or the pump, if submersible) and all downhole-wetted parts (tubing, p i p i n g , f o o t valve)in the soapy water of the first drum. Place the discharge outlet in the waste water drum abovethe level of the waste water. Pump soapy water through the pump assembly until it discharges
to the waste drum.

3. Move the pump assembly to the po tab l e water drum while leaving discharge outlet in thewaste drum. All downhole-wetted parts must be immersed in the po tab l e water rinse. Pumppotable water through the pump assembly until it runs clear.
4. Move the pump intake to the ASTM T y p e II water can. Pump the ASTM T y p e II water

through the pump assembly. Usually, three pump-and-line-assembly volumes will be
required.

5. Decontaminate the discharge outlet by hand f o l l o w i n g the steps outlined in Sect ion 5.3.
6. Remove the decontaminated pump assembly to the "clean" area and allow it to air dry upwindof the decontamination area. Intake and outlet or i f i ce s should be covered with aluminum f o i l

to prevent the entry of airborne contaminants and particles.
7. Record the equipment type, serial number, date, time, and method of decontamination in theappropriate logbook.

5.5 Instrument Probe Decontamination
Instrument probes used for f i e l d instruments such as pH meters, conductivity meters etc. will be. ;.-
decontaminated between sample s and a f t er use with ASTM type II, or better, water.
5.6 Waste Disposal
Refer to s i t e - sp e c i f i c plans for waste d i spo sa l requirements. The f o l l o w i n g are guide l ine s for d i s p o s i n gofwastes:

1. All wash water, rinse water, and decontamination solutions that have come in contact withcontaminated equipment are to be handl ed , packaged, labe l ed , marked, stored, and di sposed ofas investigation-derived waste.
2. S m a l l quantities of decontamination solutions may be allowed to evaporate to dryness.
3. If large quantities of used decontamination so lu t ions will be generated, it may be best to

separate each type of waste in a separate container. Thi s may permit the d i spo sa l of wash
CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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water and rinse water onsite or in a sanitary sewage treatment plant rather than as a hazardouswaste. If an industrial waste water treatment plant is available onsite, the di sposal of acid
solutions and solvent-water solutions may be permitted.

4. Unless required, p la s t i c sheeting and di sposable protect ive clothing may be treated as a s o l i d ,
nonhazardous waste.

6.0 RESTRICTIONS/LIMITATIONS
Nitric acid and polar solvent rinses are necessary only when sampling for metals or organicsrespectively. These steps should not be used unless required because of acid burn and ign i tab i l i ty
hazards.
If the f i e l d equipment is not allowed to air dry properly before use, volati le organic residue which,
interferes with the analysis may be detected in the samples. The occurrence of residual organic solvents
is o f t e n dependent on the time of year sampling is conducted; in the summer, volat i l izat ion is rapid andin the winter, volat i l izat ion is slow. Check with your EPA region, state and client for approveddecontamination solvents.

7.0 REFERENCES
Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating Procedures
For Site Characterization, D O E / H W P - 1 0 0 , July 1990.
Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control RequirementsFor Field Methods, D O E / H W P - 6 9 / R I .
American Soci e ty for T e s t i n g and Material s , Standard Practice for Decontamination of FieldEquipment at Nonradioactive Waste Sites, ASTM D5088-90, June 29,. 1990.
U.S. Environmental Protection Agency, Region II, "CERCLA Quality Assurance Manual, Revision 1,1989.
U.S. Environmental Protection Agency, Region IV, Engineering Support Branch Standard Operating
Procedures and Quality Assurance Manual, 1986.
U.S. Environmental Protection Agency, A Compendium ofSuperjund Field Operations Methods,E P A / 5 4 0 / P - 8 7 / O O U , 1987.
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(ASTM D 5755-95) Microvacuum S a m p l i n g and Indir e c t Analys i s of Dust by

Transmission Electron Microscopy for Asbestos Structure Number
Concentrations



Designation: D 5755 - 95 A M B H I O W S O C I E T Y F O R T E S T I N G A M D M A T E R I A L S1918 f t e c e 51 PhtMBlphiB, Pa 19103R e p i i n t i d bom the Annual Book of ASTM Sumdvdt Copyiight ASTMil no; f e t i d in th» cunnt combinw) index. w« appur In lh« mrf nation.

Standard Tes t Method f orMicrovacuum S a m p l i n g and Indirect Analy s i s of Dust byTransmis s ion Electron Microscopy for Asbes to s StructureNumber Concentrations 1

This standard is issued under ine f i x ed designation D 5755; the number i m m e d i a t e l y f o l l o w i n g the designation indicate! the year oforiginal adopt ion or. in ihc cow of revision, ihc year of last revision. A number in parentheses indicate the year of last rcapproval. Asuperscript epsilon 10 indicate* an editorial change since the last revision or rcuppruval.

1. Scope
1.1 T h i s test method covers a procedure to (a) i d e n t i f yasbestos in dust and (b) provide an estimate of the concen-tration of asbestos in the sampled dust reported as thenuiriber of asbestos structures per unit area or sampledsurface.1.1.1 If an estimate of the asbestos mass is to be deter-mined, the user is referred to Test Method D 5756.1.2 Thi s test method describes the equipment and proce-dures necessary for sampl ing , by a micro vacuum technique,non-airborne dust for levels of asbestos structures. Thenon-airborne sample is collected inside a standard f i l t e rmembrane cassette from the s a m p l i n g of a surface area fordust which may contain asbestos.1.2.1 This procedure uses a microvacuuming samplingtechnique. The collection e f f i c i ency of this technique is 'unknown and will vary among substrates. Properties i n f l u -encing collect ion e f f i c i e n c y inc lude surface texture, adhesive-ness, e lec tros tat ic properties and other factors.1.3 Asbestos i d en t i f i ed by transmission electron micros-copy (TEM) is based on morphology, selected area electrond i f f r a c t i o n (SAED), and energy dispersive X-ray analysis(EDXA). Some information about structure size is alsodetermined,1.4 Thi s tesl method is general ly a p p l i c a b l e for an esti-mate of the concentration of asbestos structures starting from. approx ima t e ly 1000 asbestos structures per square centi-metre.1.4.1 The procedure outlined in this test method empSysan indirect sample preparation technique. It is intended todisperse aggregated asbestos into fundamental f i b r i l s , f iberbundles, dusters, or matrices that can be more accuratelyquant i f i ed by transmission electron microscopy. However, aswith all indirect sample preparation techniques, the asbestosobserved for quant i f i ca t i on may not represent the physicalform of the asbestos as sampled. More s p e c i f i c a l l y , theprocedure described neither creates nor destroys asbestos,but it may alter the physical form of the mineral fibers.1.5 The values slated in 51 units are to be regarded as thestandard. The values given in parentheses are for informa-tion only.1.6 This standard does not purport to address all of thesafely concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-priate safety and health practices and determine the applica-bility of regulatory limitations prior to use.
2. Referenced Documents

2.1 ASTM Standards;D 1193 S p e c i f i c a t i o n for Reagent Water 2

D1739 Test Method for the Collect ion and Measurementof D u s l f a l l (Set t l eab l e Particulate Matter) 3

D3195 Practice for Rotameter Calibration 3

D3670 Guide for Determination of Precision and Bias ofMethod s of Committee D-223

D57S6 Test Method for Microvacuum S a m p l i n g andIndirec t Analysis of Dust by Transmission ElectronMicroscopy for Asbestos Mass Concentration 3

3. Terminology
3.1 Definitions:3.1.1 asbestiform—a special type of f ibrous habit in whichthe f i b er s are separable into thinner f ibers and u l t i m a t e l yinto f i b r i l s . Thi s habii accounts for greater f l e x i b i l i t y andhigher tensile strength than other habits of the same mineral.For more information on asbestiform mineralogy, see Refs(I)," (2) and (3).3.1.2 asbestos—a collective term that describes a group ofnaturally occurring, inorganic, highly fibrous, silicate domi-nated minerals, which are easily separated into long, thin,f l e x i b l e f i b er s when crushed or processed.

DISCUSSION—Included in the d e f in i t i on are the u fae s t i f orm varietiesof. serpentine (chrysolite); riebcckitc (crocidolitc); granerite (gruneriteasbestos); a n t h o p h y l i i t e ( a n t h o p h y f l h e asbestos); nrmol l t e (tremoUieasbestos); and act inoli te (aclinolite asbestos). The emphibole mineralcompositions are def ined according to nomenclature of the Interna-tional MincraJogical Association (3).
Asbestos

ChrysoliteCrocidoJileGnwerile AsbestosA n t h o p h y f l i i e AsbestosTreroo lhe AsbestosA c t i n o l i i e Asbestos

Chemical Abstract Service No.*
12001-29-5I2001-28-112172-73-577536-67-577536-6S-677S36-6W

3.1.3 fibril—-a s ingle f i b er that cannot be separated into

'This t ea method i t under Ihe jur i sd i c t i on o f ASTM Committee D-22 onS a m p l i n g and Analys i s of Atmosphere! and a the direct re spons ib i l i ty ofSubcommittee D22.07 on S a m p l i n g and Analys i s of Asbestos.Current ed i t ion approved August I i. 1493. P u b l i s h e d October 1995.

2 Annual Boat of ASTM Slondarti, Vol 11.01.J Annual Book of ASTM Standards, Vol H.OX' The b o l d f a c e numbers in parentheses refer to the list of references at Ihe endo f i h i s i e s t method
*The non-asbesliform variation! of the minerals indicated in S.I.3 haved i f f e r e n t Chemical Abs trac t Service (CAS) numbers.
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smal l er components without lo s ing its f ibrous properties orappearance.3.2 Descriptions of Terms Specific to This Standard:3.2J aspect ratio—the ratio of the length of a f ibrousparticle to its average width.3.2.2 bundle—* structure composed of three or moref iber s in a paralle l arrangement with the f i b er s doser than. one f i b e r diameter to each other.3.2.3 cluster—-a structure with f iber s in a random arrange-ment such that all f ibers are intermixed and no single f iber isisolated from the group; groupings of f ibers must have morethan two points touching.3.2.4 debris— materials that are of an amount and size(particles greater than 1 mm in diameter) that can be visuallyi d e n t i f i e d as to their source.3.2.5 dust—any material composed of particles in a sizerange of £ I mm and large enough to se t t l e by virtue of theirweight from the ambient air (see d e f i n i t i o n for s e t t l eablepaniculate matter in Test Method D 1739).3.2.6 Jlber—a structure having a minimum length of 0.5urn, an aspect ratio of 5:1 or greater, and sub s tant ia l lyparallel sides (4).3.2.7 fibrous—of a mineral composed of parallel , radi-ating, or interlaced aggregates of f i b er s , from which the fibersare sometimes separable. That is, the crystalline aggregatemay be referred to as f ibrous even if it is not composed ofseparable fibers, but has that distinct appearance. The termf ibrous is used in a general mineraiogical way to describeaggregates of grains that crys ta l l ize in a needle-like habit andappear to be composed of fibers. Fibrous has a much moregeneral meaning than asbestos. W h i l e it is correct that allasbestos minerals are fibrous, not all minerals having f ibroushabits are asbestos.3.2.8 indirect preparation—-a method in which a samplepasses through one or more intermediate steps prior to f inalf i l t ra t ion.3.2.9 matrix—* structure in which one or more fibers, orf i b er bundles that are touching, are attached to, or part ia l lyconcealed by a single particle or connected group of non-f i b rou s particles. The exposed f i b er must meet the f iberde f in i t i on (sec 3J.6). "*•*'3.2.10 structures—* term that is used to categorize .all thetypes of asbestos panicles which are recorded during theanalysis (such as fibers, bundles, dusters, and matrices).Final results of the test are always expressed in asbestosstructures per square centimetre.

5. S i g n i f i c a n c e and Use
5.1 T h i s microvacuum sampl ing and indirect analysismethod is used for the general tes t ing of non-airborne dustsamples for asbestos. It is used to assist in the evaluation ofdust that may be found on surfaces in bu i ld ings such asceiling tiles, shelving, electrical components, duct work,carpet, etc. This test method provides an index of theconcentration of asbestos structures in the dust per unit areaanalyzed as derived from a quantitative TEM analysis.5.1.1 This test method does not describe procedures ortechniques required to evaluate the sa f e ty or hab i tab i l i ty ofb u i l d i n g s with asbestos-containing materials, or compliancewith f e d e r a l , state, or local regulations or statutes. It is theuser's responsibil i ty to make these determinations.5.1.2 At present, a single direct relationship betweenasbestos-containing dust and potential human exposure doesnot exist. Accordingly, the user should consider these data inrelationship to other available information in their evalua-tion. .5.2 This test method uses the d e f i n i t i o n , settleable panic-ulate material, found in Test Method D 1739 as the d e f i n i -tion of dust. This d e f i n i t i o n accepts all particles smallenough to pass through a 1 mm (No. 18) screen. Thus, asingle, targe asbestos containing p a r t i c l e f s ) (from the largeend of the particle size di s tr ibut ion) dispersed during samplepreparat ion may result in anomalously large asbestos con-centration results in the TEM analyses of that sample. It is,therefore, recommended that m u l t i p l e independent samplesare secured from the same area, and a minimum of threesamples analyzed by the entire procedure.

4. Summary of Tes t Method
4.1 The sample is collected by vacuuming a knownsurface area with a standard 25 or 37 mm air samplingcassette using a plas t i c tube (hat is attached to the inletorifice which acts as a nozzle. The sample is transferred frominside the cassette to an aqueous solution of known volume.A l i q u o t s of the suspension are then f i l t e r e d through amembrane. A section of the membrane is prepared andtransferred to a TEM grid using the direct t rans f er method.The asbe s t i form structures are i d e n t i f i e d , sized, and countedby TEM, using SAED and EDXA at a magni f i ca t i on of15000 to20000X.

6. Interferences
6.1 The f o l l o w i n g minerals have properties (that is, chem-ical or crystall ine structure) which are very similar toasbestos minerals and may interfere with the analysis bycausing a fa l s e positive to be recorded during the testTher e f o r e , l i terature references for these materials' must bemaintained in the laboratory for comparison to asbestosminerals so that they are not mi s ident i f i ed as asbestosminerals.6.1.1 Antigorite.6.1.2 Palygorskite (Attapulgite).6.1.3 Halloysite.6.1.4 Pyroxenes.6.1.5 Sepiolite.6.1.6 Vermiculite scrolls.6.1.7 Fibrous talc.6.1.8 H o r n b l e n d e and other amphiboies other than thosel i s ted in 3.1.2.6.2 C o l l e c t i n g any dust particles greater than 1. mm in sizein this test method may cause an interference and, therefore,must be avoided.

7. Materials and Equipment
7.1 Purity of Reagents—Reagent grade chemicals shall beused in afl tests. Unless otherwise indicated, it is intendedthat ail reagents conform to the spec i f i ca t ions of the Com-mittee on Analy t i ca l Reagents of the American ChemicalSociety, where such s p e c i f i c a t i o n s , are available. Other gradesmay be used, provided it is f i r s t ascertained that the reagentis of s u f f i c i e n t l y high purity to permit its use without
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lessening the accuracy of the determination. 1 5

12 Transmission Electron Microscope (TEM), an 80 to120 kV TEM, capable of p er f orming electron d i f f r a c t i o n ,with a fluorescent screen inscribed with calibrated grada-tions, is required. The TEM must be equipped with energydispersive X-ray spcctroscopy (EDXA) and it must have ascanning transmission electron microscopy (STEM) attach-ment or be capable of producing a spot size of less than 250nm in diameter in crossover.7.3 Energy Dispersive X-ray System (EDXA),7.4 High Vacuum Carbon Evaporator, with rotating stage.7 J High Efficiency f articulate Air (HEPA), f i l t er ed nega-tive f l o w hood.7.6 Exhaust or Fume Hood.7.7 Particle-free Water (ASTM Type II, see S p e c i f i c a t i o nD 1193).7.8 Glass Beakers (50 mL).7.9 Glass Sample Containers, with wide mouth screw cap(200 mL) or equivalent scalable container (height of the glasssample container should be a p p r o x i m a t e l y 13 cm high by 6cm wide).7.10 Waterproof Markers.7.11 Forceps (tweeters).7.12 Ultrasonic Bath, table top model (100 W).7.13 Graduated Pipettes (1, 5, 10 mL sizes), glass orplastic.7.14 Filter Funnel, either 25 mm or 47 mm, glass ordisposable. Filter funne l assemblies, either glass or d i sposablep l a s t i c , and using either a 25 mm or 47 mm diameter niter.7.15 Side Arm Filler Flask, 1000 mL7.16 Mixed Cellulose Ester (MCE) Membrane Filters, 25or 47 mm diameter, £0.22 urn and 5 um pore size.7.17 Polycarbonate (PC) Filters, 25 or 47 mm diameter,sO.2 um pore size.7.18 Storage Containers, for the 25 or 47 mm f i l t e r s (forarchiving).7.19 Glass Slides, approximately 76 by 25 mm in size.7.20 Scalpel Blades, No. 10, or equivalent.7.21 Cabinet-type Desiccator, or low temperature dryingoven.72.1 Chloroform, reagent grade. ^7.23 Acetone, reagent grade.7.24 Dimelhylformamide (DMF).7.25 Glacial Acetic Acid,7.26 I-melhyl'2-pyrrolidone.7.27 Plasma Asher, low temperature.7.28 pH Paper.7.29 Air Sampling Pump, low volume personal-type, ca-pable of achieving a f l o w rate of I to 5 L/min.7.30 Rotameter.7.31 Air Sampling Cassettes, 25 mm or 37 mm, con-taining 0.8 Jim or smaller pore size MCE or PC f i l t e r s .7.32 Cork Borer, 7 mm.7.33 Non-Asbestos Mineral, references as outlined in 6.1.

7.34 Asbestos Standards, as outl ined in 3.1.2.7.35 Tygon7 Tubing, or equivalent.7.36 Small Vacuum Pump, that can maintain a pressureo f 9 2 k P a .7.37 Peiri Dishes, large glass, a p p r o x i m a t e l y 90 mm indiameter.7.38 Jaffe Washer, stainless steel or aluminum meshscreen, 30 to 40 mesh, and approx imat e ly 75 mm by 50 mmin size.7.39 Copper TEM Finder Grids, 200 mesh.7.40 Carbon Evaporator Rods.7.41 Lens Tissue.7.42 Ashless.Filter Paper Filters, 90 mm diameter.7.43 Gummed Paper Reinforcement Rings.7.44 Wash Bottles, plastic.7.45 Reagent Alcohol, HPLC Grade (Fisher A995 orequivalent).7.46 Opening Mesh Screen, plastic, 1.0 by 1.0 mm,(Spectra-Mesh # 146410 or equivalent).7.47 Diffraction Grating Replica. , •

• Ktagtal Chumicals. American Oiemiral Society Specifications, AmericanChemical Society, Washington. DC. For suggest ions on the t e s t ing of reagents notlisted by ihe American Chemical S a t i e t y , see Analar Standunh jbf LaboratoryChemicals. BDH Ltd.. Poole. Dorset, U.K., and the United Slates Pharmacopeiaand national Formulary, VS. Pharmaceutical Convention, Inc. (USPQ,Roclvillc. MD.

8. S a m p l i n g Procedure for Mkroraaium Technique
8.1 For sampling asbestos-containing dust in either indooror outdoor environments, commercially available cassettesmust be used. Air monitoring cassettes containing 25 mm or37 mm diameter mixed cel lulose ester (MCE) orpolycarbonate (PC) f i l t e r membranes with a pore size lessthan or equal to 0.8 um are required (7.31). The number ofsample s co l l ec t ed depends upon the s p e c i f i c circumstances ofthe study.8.2 Mainta in a log of all pertinent sampl ing i n f o r m a t i o nand s a m p l i n g locations.8.3 S a m p l i n g p u m p s and f l o w indicators shall be cali-brated using a cert i f ied standard apparatus or assembly (seePractice D 3195 and 7J9). *8.4 Record all calibration in format i on (5).8.5 Perform a leak check of the sampl ing system at eachsampl ing site by activating the p u m p (7.29) with the closedsampl ing cassette in line. Any air f l o w shows that a leak ispresent that must be eliminated before ini t ia t ing the sam-p l i n g operation.8.6 A t t a c h the sampl ing cassette to the sampling p u m p atthe outlet side of the cassette with p la s t i c tubing (7J5). Theplas t i c tubing must be long enough in that the sample areascan be reached without interference f rom the sampl ingpump. Attach a dean, a p p r o x i m a t e l y 25.4 mm long piece ofplas t i c tubing (6.35 mm internal diameter) direct ly to theinlet orifice. Use this piece of tubing as the sampling nozzle.Cut the s a m p l i n g end of the tubing at a 45* angle asillustrated in Fig. I. The exact design of the nozzle is notcritical as l ong as some vacuum break is provided to avoids i m p l y push ing the dust around on the surface with thenozzle rather than vacuuming it into the cassette. Theinternal diameter of the nozzle and f l o w rate of Ihe p u m pmay vary as long as the air velocity is 100 (±10) cm/s. Thisair velocity calculation is based on an internal sampling tubediameter of 6.35 mm at a f l o w rate of 2 L/min.8.7 Measure and determine the sample area of interest. A

'Tygon u a registered mdenwfc of ihe DuPont Co.
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sample area of 100 cm2 is vacuumed until there is no visibledust or particuiates matter remaining. Perform a minimumof two orthogonal passes on the surface within a minimumof 2 min of s a m p l i n g time. Avoid scraping or abrading thesurface being sampled. (Do not sample any debris or dustparticles greater than I mm in diameter (see 4.2).) Smal l e r orlarger areas can be s a m p l e d , if needed. For example, somesurfaces of interest may have a smal l er area than 100 cm3.Less dusty surfaces may require vacuuming of larger areas.Unlike air samples, the overloading of the cassettes with dustwill not be a problem. As d e f i n e d in 3.2.5, only dust shall becollected for this analysis.8.8 At the end of sample collection, invert the cassette sothat the nozzle inlet face s up before s h u t t i n g off the power tothe pump. The nozzle is then sealed with a cassette end-plugand the cassette/nozzle taped or appropr ia t e ly packaged toprevent separation of the nozzle and cassette assembly. Asecond option is the removal of the nozzle from the cassette,then p l u g g i n g of the cassette and sh ipment of the nozzle (alsoplugged at both ends) sealed in a separate closeable plast icbag. A third option is p lac ing the nozzle inside the cassettefor shipment The nozzle is always saved and rinsed becausea s ign i f i can t percentage of the dust drawn from a l i g h t l yloaded surface may adhere to the inside walls of the tubing.8.9 Check that all samples are clearly labeled, that all dusL.,s ampl ing information sheets are comple t ed , and that a#*-pertinent information has been enclosed, in accordance withlaboratory q u a l i t y control practices, before trans f er of thesamples to the laboratory. I n c l u d e an unused cassette andnozzle as a f i e l d blank,8.10 Wipe off the exterior surface of the cassettes withdisposable wet towels (baby wipes) prior to packaging forshipment

9. Sample Shipment
9.1 Ship dust samples to an analytical laboratory in asealed container, but separate from any bulk or air samples.The cassettes must be t i g h t l y sealed and packed in a materialfree of f i b er s or dust to minimize the potential for contami-nation. Plastic "bubble pack" is probably the most appro-priate material for this purpose.

10. S a m p l e Preparation
10.1 Under a negative f l o w HEPA hood (7.5), c a r e f u l l ywet-wipe the exterior of the cassettes to remove any possible

contaminat ion before taking cassettes into a clean prepara-tion area.102 Perform sampl e preparation in a clean f a c i l i t y thathas a separate work area from both the bulk and air samplepreparation areas.10.3 Initial specimen preparation shall take place in aclean HEPA fi l t e r ed negative pressure hood to avoid anypo s s i b l e contamination of the laboratory or personnel, orboth, by the p o t e n t i a l l y large number of asbestos structuresin an asbestos-containing dust sample. Cleanl ine s s of thepreparation area hoods is measured by the cumulativeprocess blank concentrations (see Section I f ) .10.4 All sample preparation steps 10.4.1 through 10.4.6. shall take place in the dust preparation area inside a HEPAhood.10.4.1 Remove the upper p l u g from the sample cassetteand car e fu l ly introduce approx imate ly 10 mL solution of aSO/50 mixture of part ic le-free water and reagent alcohol intothe cassette using a plastic wash bo t t l e (7.44). If the p luggednozzle w a s r l e f t attached to the cassette, then remove the p l u gand introduce the water/alcohol solution into the cassettethrough the tubing, and then remove the tubing, if it isvisibly dean.10.4.2 Replace the upper p l u g or the sample cap andl i gh t ly shake the dust suspension by hand for 3 s.10.4.3 Remove the entire cap of the cassette and pour thesuspension through a 1.0 by 1.0 mm opening screen (7.4<S)into a pre-clcaned 200 mL glass specimen bottle (7.9). Allvisible traces of the sample contained in the cassette shall berinsed through the screen into the specimen bot t l e with aplas t i c wash bot t l e containing the 50/50 solution of particle-free water and alcohol. Repeat this procedure two additionaltimes for a total of three washings. N e x t , rinse the nozzle twoor three times through the screen into the specimen bot t l ewith the 50/50 mixture of water and alcohol. T y p i c a l l y , thetotal amount of the 50/50 mixture used in the rinse is 50 to75 mL Discard the 1.0 by 1.0 mm screen and bring .thevolume of solution in the specimen bott le up to the 100 mLmark on the side of the bottle with particle-free water only.10.4.4 A d j u s t the pH of the suspension to 3 to 4 using a10.0% solution of acetic acid. Use pH paper for testing,f i l t e r the suspension within 24 h to avoid problems associ-ated with bacterial and fungal growth.10.4.5 Use either a disposable plastic f i l t r a t i o n unit or aglass f i l t e r ing unit (7.14) for f i l t r a t i o n of aliquots of thesuspension. The ab i l i ty of an individual f i l t r a t i o n unit toproduce a uniform distribution may be tested by dief i l t ra t i on of a colored paniculate suspension such as di lutedIndia ink (suspension of carbon black).10.4.5.1 If a di sposable p las t i c f i l t r a t i o n unit is used, thenunwrap a new disposable plastic f i l t e r funnel unit (either 25or 47 mm diameter) and remove the tape around tile base ofthe funnel . Remove the funnel and discard the top fillersupplied with the apparatus, retaining the coarsep o l y p r o p y l e n e suppor t pad in place. Assemble the unit withthe adapter and a properly sized neoprene s topper, andattach the f u n n e l to the 1000 mL side-arm vacuum f l a s k(7.15). Place a 5.0 urn pore size MCE (backing filter) on thesupport pad. Wet it with a few mL of particle-free water andplac e an MCE ( 7 . 1 6 ) or PC f i l t e r (s»0.22 um pore size) (7.17)on top of the backing f i l t e r . Apply a vacuum (7.36), ensuring
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that the f i l t e r s are centered and p u l l e d flat without airbubbles. Any irregulari t ie s on the filter surface requires the
discard of that f i l t e r . After the f i l t e r has been seated proper ly ,replace the funnel and reseal it with the tape. Return theflask to atmospheric pressure.10.4.5.2 If a glass f i l t r a t i o n unit is used, p lace a 5 um poresize MCE (backing filter) on the glass frit surface. Wet thefilter with partic le-free water, and place an MCE or PC filter(<0.22 um pore size) on top of the backing filter. Apply avacuum, ensuring that the f i l t e r s are centered and p u l l e d flatwithout air bubbles. Replace the f i l t e r s if any irregularitiesare seen on the filter surface. Before f i l t r a t i o n of each set ofs ampl e al iquot s , prepare a blank f i l t e r by f i l t r a t i o n of 50 mL. of particle-free water. If aliquots of the same sample aref i l t e r e d in order of increasing concentration, the glass filtra-tion unit need not be washed between f i l t r a t i o n . Aftercompl e t i on of the f i l t r a t i o n , do not a l l o w the f i l t r a t i o n f unne lassembly to dry because contamination is then more difficultto remove. Wash any residual suspension from the f i l t ra t i onassembly by ho ld ing it under a f l o w of water, then rub ihesurface with a clean paper towel soaked in a detergentsolution. Repeat the cleaning operation, and then rinse twotimes in particle-free water.10.4.6 With the f l a s k at atmospheric pressure, add 20 mLof parl ide-free water into the f u n n e l . Cover the f i l t e r funne lwith its plastic cover if the disposable f i l t e r i n g unit is used.10.4.7 Briefly hand shake (3 s) the capped bottle with thesampl e suspension, then place it in a t a b l e f o p ultrasonic bath(7.12) and sonicate for 3.0 min. Mainta in the water level inthe soru'cator at the same height as the solution in samplebottle. The ultrasonic bath shall be calibrated as described in20J.' The ultrasonic bath must be operated at equilibriumtemperature. After sonicating, return the sample bot t l e to thework surface of the HEPA hood. Preparation steps 10.4.8through 10.4.14 shall be carried out in this hood.10.4.8 Shake the suspension l i g h t l y by hand for 3 s, thenlet it rest for 2.0 min to allow large particles to s e t t l e to thebottom of the bottle or f l o a t to the surface.10.4.9 Estimate the amount of l iquid to be withdrawn toproduce an adequate f i l t e r preparation. Experience hasshown that a light staining of the f i l t e r surface will yie ldStsuitable preparation for analysis. Filter at least 1.0 mL, butno more than h a l f the total volume. If a f t er examination inthe T E M , the smallest volume measured (1.0 mL) (7.13)yields an overloaded sample, then per form addit ional seriald i lu t i on s of the suspension. If it is estimated that less than1.0 mL of solution has to be f i l t e r e d because of the density ofthe suspension, perform a serial d i lu t i on.10.4.9.1 If serial d i lu t i on s are required, repeat step 10.4.8before the serial d i l u t i on portion is taken. Do not re-sonicatethe original so lut ion or any serial dilutions. The recom-mended procedure for a serial di lut ion is to mix 10 mL of thesampl e solution with 90 mL of par t i c l e - f r e e water in a deansample b o t t l e to obtain a 1:10 serial di lu t ion. F o l l o w goodlaboratory practices when per forming d i lu t i on s .10.4.10 Insert a new di sposable p i p e t t e ha l fway into ihes a m p l e suspension and withdraw a portion. Avoid p i p e t t i n gany of the large f l o a t i n g or s e t t l ed particles . Uncover the filterf u n n e l and di spense the mixture f rom the p i p e t t e into thewater in the f u n n e l .

10.4.11 Apply vacuum to the f l a s k and draw the mixturethrough the f i l t e r .10.4.12 Discard the pipet t e .10.4.13 Disassemble the f i l t e r i n g unit and care fu l ly re-move the sample filter with f ine tweezers (7.11). Place thec ompl e t ed sample filter partic le side up, into a precleaned,labeled, disposable, plastic petri dish (7.48) or other similarcontainer.10.4.14 In order to ensure that an optimally-loaded filteris obtained, it is recommended that f i l t e r s be prepared fromseveral d i f f e r e n t aliquots of the dust suspension. For thisseries of f i l t e r s , it is recommended that the volume of eachaliquot of the original suspension be a fac tor of f i v e higherthan the previous one. If the f i l t e r s are prepared in order ofincreasing aliquot volume, all of the f i l t e r s for one samplecan be prepared using one plast ic disposable f i l t ra t i on unit,or without cleaning of glass f i l t r a t i o n equipment betweenindividual f i l t r a t i o n . Before withdrawal of each aliquot fromthe sample, shake the " suspension without additionalsonif ication and allow to rest for 2 min.l0.4.15:There are many practical methods for dryingMCE f i l t e r s . The f o l l o w i n g are two examples that can be used:(/) dry MCE f i l t e r s for at least 12 h (over desiccant) in anairtight cabinet-type desiccator (7.21); (2) to shorten thedrying time (if des ired), remove a p l u g of the damp f i l t e r andattach it to a glass s l i d e (7.19) as described in 12,1.2 and12.1.3. Place the slide with a f i t t e r p l u g or f i l t e r p lugs (up toeight p l u g s can be attached to one s l i d e ) on a bed ofdesiccant, in the desiccator for 1 h.10.4.16 PC f i l t e r s do not require l eng thy drying beforepreparation, but shall be placed in a desiccator for at least 30min before preparation.10.5 Prepare TEM specimens from small sections of each 'dried f i l t e r using the appropriate direct trans fer preparationmethod. .».
11. Blanks

11.1 Prepare sample blanks that include both a processblank (50 mL of part i c l e- free water) for each set of samplesanalyzed and one unused f i l t e r f rom each new box of samplefilters (MCE or PC) used in the laboratory. If glass f i l t e r i n gunits are used, prepare and analyze a process blank each timethe f i l t e r i n g unit is cleaned. Blanks will be consideredcontaminated, if a f t e r analysis, they an shown to contain •more than 53 asbestos structures per square millimetre. T h i sgenerally corresponds to three or f our asbestos structuresf o u n d in ten grid openings. The source of the contaminationmust be found before any further analysis can be performed.Reject samples that were processed along with the contami-nated blanks and prepare new samples a f t e r the source of thecontamination is found. •11.2 Prepare f i e l d blanks which are included with samplesets in the same manner as the samples, to test for contami-nation during the sampl ing, sh ipping, handling, and prepa-ration s t ep s of the method.
12. TEM Specimen Preparation of Mixed Cellulose Ester(MCE) Fil t e r s

NOTE I—Use of e i th er the acclone or (he d i a m e l h y l f o n n a m i d c -acctic acid method is acceptable.
12.1 Acetune Fusing Method:
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111.I Remove a section (a p l u g ) from any quadrant ofthe sample and blank f i l t e r s . Sections can be removed f romthe filters using a 7 mm cork borer (7.32). The cork borermust be wet wiped a f t e r each time a section is removed.12.1.2 Place the f i l l e r section (particle side up) on a cleanmicroscope slide. Affix the f i l t e r section to the slide with agummed page reinforcement (7.43), or other suitable means.Label the slide with a glass scribing tool or permanentmarker (7.10).12.1.3 Prepare a rosing dish from a glass petri dish (7.37). and a metal screen bridge (7.38) with a pad of f i v e to sixashless paper f i l t e r s (7.42) and place in the bottom of thepetri dish (4), Place the screen bridge on top of the pad andsaturate the f i l t e r pads with acetone. Place the s l ide on top ofthe bridge in the petri dish and cover the dish. Waitapprox imat e ly 5 nun for the sample f i l t e r to fuse and dear.12.2 Dimethy^ormamide-Acetk Acid Method:12.2.1 Place a drop of clearing solution that consists of35 % d ime thy l f ormamide (DMF), 15 % glacial acetic acid,and 50 % T y p e II water (v/v) on a clean microscope slide.Gauge the amount used so that the clearing solution jus tsaturates the f iner section.12.2.2 C a r e f u l l y lay the f i l t e r segment, sample surfaceupward, on top of the solution. Bring the f i l t e r and solutiontogether at an angle of about 20* to h e l p exclude air bubbles.Remove any excess clearing solution. Place the s l i d e in anoven or on a hot plate, in a fume hood, at 65 to 70*C for 10min.12.3 Plasma etching of the collapsed f i l t e r is required.12.3.1 The microscope slide to which the col lapsed f i l t e rpieces are attached is placed in a plasma asher (7.27).Because plasma ashers vary greatly in their performance,both f r o m unit to unit and between d i f f e r e n t posi t ions in theasher chamber, it is difficult to s p e c i f y the exact condit ionsthat roust be used. I n s u f f i c i e n t etching will result in a f a i l u r eto expose embedded fibers, and too much e t ch ing may result •in the loss of particles f rom the f i l t e r surface. To determinethe opt imum time for ashing, place an unused 25 mmdiameter MCE filter in the center of a glass microscope slide.Position the slide approx imate ly in the center of the asherchamber, dose the chamber and evacuate to a pressure ofapproximate ly 40 Pa, while admit t ing oxygen to the chamberat a rate of 8 to 20 cm3/rnin. Adjust the tuning of the system -^,so that the intensity of the plasma is maximized. D e t e r m i n e ' * * "the time required for comple te oxidat ion of the f i l ter. Adjustthe system parameters to achieve complete oxidation of thefilter in a period of approx imate ly 15 min. For etching ofcol lapsed f i l t e r s , use these operating parameters for a periodof 8 rain. For additional information on calibration, see theUSEPA Asbestos-Containing Materials in Schools (4) orN1ST/NVLAP Program Handbook for Airborne AsbestosAnalysis (6) documents.12.3.2 'Place the glass slide containing the c o l lap s ed f i l t e r sinto the low-temperature plasma asher, and etch the f i l t e r .12.4 Carbon coating of the col lapsed and etched f i l l e r s isrequired12.4.1 Carbon coating must be performed with a high-vacuum coating unit (7.4), capable of less than 10~4 torr (13MPa) pressure. Units that are based on evaporation ofcarbon f i l a m e n t s in a vacuum generated only by an oil rotaryp u m p have not been evaluated for this a p p l i c a t i o n and shall

not be used. Carbon rods (7.40) used for evaporators shall besharpened with a carbon rod sharpener to a neck of about 4mm in length and 1 mm in diameter. The rods are ins tal l edin the evaporator in such a manner that the points areapprox imate ly 100 to 120 mm from the surface of themicroscope s l ide held in the rotating device.12.4.2 Place the glass s l ide holding the f i l t e r s on therotation device, and evacuate the evaporator chamber to avacuum of at least 13 MPa. Perform the evaporation in veryshort bursts, separated by 3 to 4 s to allow the electrodes tocool. An alternate method of evaporation is by using a slowcontinuous app l i ed current An experienced analyst canj udge the thickness of the carbon f i l m to be appl i ed . C o n d u c t 'tests on unused f i l t e r s f ir s t If the carbon f i l m is too thin,large particles will be lost f rom the TEM specimen, and therewill be few complete and undamaged grid openings on thespecimen.12.4.2.1 If the coating is too thick, it will lead to a TEMimage that is lacking in contrast, and the ab i l i ty to obtainelectron d i f f r a c t i o n patterns win be compromised. Thecarbon f i l m shall be as thin as possible and still remain intacton most of tire grid openings of the TEM specimen.12.5 Preparation of the Jaffe Washer—The precise designof the JarTc washer is not considered important , so any one ofthe publ i shed designs may be used (7,8). One such washerconsists of a s imple stainless steel bridge contained in a glasspetri dish.12.5.1 Place several pieces of lens tissue (7.41) on thestainless steel bridge. The pieces of lens tissue shall be largeenough to comple te ly drape over the bridge and into thesolvent In a f u m e hood, fill the petri dish with acetone (orDMF) until the height of (he solvent is brought up to contactthe underside of the metal bridge as i l lu s t ra t ed in Fig. 2.12.6 Placing the Specimens into the Jaffe Washer:12.6.1 Place the TEM grids (7.39) shiny side up on a pieceof lens tissue or f i l t e r paper so that individual grids can beeasily picked up with tweezers. "12.6.2 Prepare three grids from each sample.12.6.2.1 Using a curved scalpel blade (7.20), excise at least -.•two square (3 mm by 3 mm) pieces of the carbon-coatedMCE f i l t e r f r om the glass slide.12.6.22 Place the square f i l t e r piece carbon-side up on3 of a TEM specimen gnd.12.6.2.3 Place the whole assembly (filter/grid) on thesaturated lens tissue in the Jaffe washer.

G l u t p t t r l d l t f c
1100 mm x 15 mmt

Ebc tron m l c r o t c o p ti p i c l m * i t * E t i i n l i i i

FIG. 2 Exampl e o f Design o f Solvent W a t h e r (Jaf fa W«»h»r)
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12.6.2.4 Place the three TEM grid sample f i l t e r prepara-tions on the same piece of lens t i s sue in the Jafle washer.12.6.2.5 Place the lid on the Jafle washer and al low thesystem to stand for several hours.117 A l t e r n a t e l y , p lace the grids on a low level (petri dishfi l led to the Vfe mark) DMF Jaffe washer for 60 min. Addenough solution of equal pans D M F / a c e t o n e to fill thewasher to the screen level. Remove the grids a f t er 30 min ifthey have cleared, that is, all filter material has been removedfrom the carbon f i l m , as determined by inspection in theT E M .12.8 C a r e f u l l y remove the grids from the Jaffe washer,a l l ow ing the grids to dry before plac ing them in a* cleanmarked grid box.

TEM at a calibrated screen magni f i ca t ion of between 15 000and 20 OOOX. T y p i c a l l y measure one grid opening for eachgrid examined. Measure grid openings in both the x and ydirections and calculate the area.14.4 Prc-calibrated TEM grids are also acceptable for thistest method.

13. TEM Specimen Preparation of Polycarbonate (PC)F i l t e r
13.1 Cover the surface of a clean microscope slide withtwo strips of double-sided adhesive tape.13.2 Cut a strip of f i l t e r paper s l igh t ly narrower than thewidth of the slide. Position the f i l t e r paper strip on the centerof the length of the slide. . •13.3 Using a clean, curved scalpel Hade , cut a strip of thePC f i l t e r a p p r o x i m a t e l y 25 by 6 mm. Use a rocking motionof the scalpel blade to avoid tearing the f i l t er . Place the PCs trip part i c l e side up on the s l i d e perpendicular to the longaxis of the slide. The ends of the PC s tr ip must contact thedouble sided adhesive tape. Each slide can hold several PCstrips. With a glass marker, label each PC strip with theindividual sample number.13.4 Carton coat the PC filler strips as discussed in12.4.2. PC f i l t e r s do not require etching.

NOTE 2: Cui l i on—Do not overheat the filler section* white cutxmcoaling.
13.5 Prepare a Jaffe washer as described in 12.5, but fillthe washer with chloroform or l-methyl-2-pynolidone to thelevel of the screen,13.6 Using a dean curved scalpel blade, excise three,3-mm square f i l t e r pieces from each PC strip. Place the f i l t e rsquares carbon side up on the shiny side of a TEM grid. Pickup the grid and filter section together and place them on tht..lens tissue in the Jaffe washer. "*--13.7 Place the lid on the Jafle washer and rest the grids inplace for at least 4 h. Best results are obtained with longerwicking times, up to 12 b.13.8 C a r e f u l l y remove the grids from the Jaffe washer,allowing the grids to dry before p lac ing them in a clean,marked grid box.

14. Grid Opening Measurements
14.1 TEM. grids must have a known grid opening area.Determine this area as f o l l o w :14.2 Measure at least 20 grid openings in each of 20random 75 to 100 urn (200-mesh) copper grids for a total of400 grid openings for every 1000 grids used, by p lac ing (be20 grids on a glass slide and examining them under theopt i cal microscope. Use a calibrated grat i cu l e to measure theaverage length and width of the 20 openings from .each of thei n d i v i d u a l grids. From the accumulated data, calculate theaverage grid opening area of the 400 openings.14.3 Grid area measurements can also be made at the

15. TEM Method
15.1 Microscope settings: 80 to 120 kV, 15000 to20 OOOX screen magni f i ca t i on for analysis (7.2).15.2 Analyze two grids for each sample. Analyze one-halfof the sample area on one sample grid preparation and theremaining ha l f on a second sample grid preparation.15.3 Determination of Specimen Suitability:15.3.1 C a r e f u l l y load the TEM grid, carbon side fa c ing up(in the TEM column) with the grid bars oriented paral l e l /perpendi cu lar to the length of the specimen holder. Use ahand lens or loupe , if necessary. This procedure will line upthe grid with the X and y translation directions of themicroscope. Insert the specimen holder into the microscope.15.3.2 Scan the entire grid at low magnif icat ion (250X toI OOOX) to determine its su i tab i l i ty for high magni f i ca t ionanalysis as sp e c i f i ed in 15.3.3.15.3.3 Grids are acceptable for analysis if the f o l l o w i n gconditions are met:15.3.3.1 The frac t ion of grid openings covered by thereplica section is at least 50 %.15.3.3.2 Relative to that section of the grid covered by thecarbon replica, the fraction of intact grid openings is greaterthan 50%.15.3.3.3 The fractional area of undissolved f i l t e r is lessthan 10%. '15.3.3.4 The frac t ion of grid openings with over lapping orf o l d e d replica f i l m is less than 50 %.15.3.3.5 At least 20 grid openingvthat have no overlap-ping or f o l d e d replica, are Jess than 5'% covered with holesand have less than 5 % opaque area due to incomplete f i l t e rdissolution. -..-15.4 Determination of Grid Opening Suitability:\ 5.4.1 If the grid meets acceptance criteria, choose a gridopening for analysis from various areas of the grid so that theentire grid is represented. Determine the su i tab i l i ty of eachindividual grid opening prior to the analysis.15.4.2 The individual grid opening must have less than5 % holes over its area.15.4.3 Grid openings must be less than 25 % covered withpaniculate matter.15.4.4 Grid openings must be uniformly loaded.15.5 Observe and record the orientation of the grid at 80to 150X, on a grid map record sheet along with the locationof the grid openings that are examined for the analysis. Ifindexed grids are used, a grid map is cot required, but thei d e n t i f y i n g coordinates of the grid square must be recorded. .

16. Recording Data Rules
16.1 Record on the count sheet any continuous groupingof particles in which an asbestos f iber is detected. C l a s s i f yasbestos structures as f ibers , bundles, clusters, or matrices asd e f i n e d in 5.2.16.2 Use the criteria for f i b e r , bundle, cluster, and matrixi d e n t i f i c a t i o n , as described in the USEPA Asbestos-Containing
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Materials in Schools document (4). Record, for each AHERAstructure i d e n t i f i e d , the l ength and width measurements.16.3 Record NSD (No Structures Detected) when nostructures are detected in the grid opening.16.4 Identify structures c la s s i f i ed as chrysotile i d e n t i f i e dby either electron di f lrac t ion or X-ray analysis (7.3) andrecorded on a count sheet Verify at least one out of every tenchrysotile structures by X-ray analysis.16.5 Structures classified as amphibole s by X-ray analysisand electron d i f f r a c t i o n are recorded on the count sheet Formore information on ident i f i ca t ion, see Yamate, el al, (7) orChat f i e ld and Dif lon (8).16.6 Record a typical electron d i f f r a c t i o n pattern for eachtype of asbestos observed for each group of samples (or aminimum of every f ive samples) analyzed Record themicrograph number on the count sheet. Record at least oneX-ray spectrum for each type of asbestos observed persample. Attach the print-outs to the back of the count sheetIf the X-ray spectrum is stored, record the f i l e and disknumber on the count sheet.16.7 Counting Rides:16.7.1 At a screen magni f i ca t ion of between 15 000 and20 OOOX evaluate the grids for the most concentrated sampleloading; reject the sample if it is estimated to contain morethan 50 asbestos structures per grid opening. Proceed to thenext lower concentrated sample until a set of grids are .obtained that have less than 30 asbestos structures per gridopening.16.8 Analytical Sensitivity—Ah analytical sensitivity ofapproximate ly 1000 asbestos structures per square centi-metre (calculated for the detec t ion of a single asbestoss tructure) has been designed for this analysis. This sensitivitycan be achieved by increasing the amount of liquid f i l t e r e d ,increasing the number of grid openings analyzed, or de-creasing the size of the f inal f i l t er . Occasionally, due to high,partic le loadings or high asbestos concentration, this analyt-ical sensitivity cannot be prac t i ca l ly achieved and s t opp ingrules app ly .16.9 Limit of Detection—The limit of detection for thismethod is de f ined as, at a minimum, the counting of f o u rasbestos structures during the TEM analysis. If less than f o j j rasbestos structures are counted during the analysis then the"analytical result which will be reported will be less than thelimit of detection and a "less than" sign (<) wilt appearbefore the number. AH data shall be provided in the labo-ratory report16.10 Stopping Ruler,16.10.1 The analysis is s topped upon the completion ofthe grid square that achieves an analytical sensitivity of lessthan 1000 asbestos structures per square centimetre.16.102 If an analytical sensi t ivi ty of 1000 asbestos struc-tures per square centimetre cannot be achieved after ana-lyzing ten grid openings then stop on grid opening No. 10 orthe grid opening which contains the 100th asbestos structure,whichever comes first A minimum of f o u r grid squares shallbe analyzed for each sample.16.10.Z1 If the analysis is s t o p p e d because of the 100thstructure rule, the entire grid square containing the 100thstructure must be counted.16.11 After analysis, remove the grids f r om the TEM, andreplace them in the appropriate grid storage holder.

17. S a m p l e Storage
17.1 The washed-out sample cassettes can be discardeda f t e r use.17.2 S a m p l e grids and unused f i l t e r sections ( 7 . 1 8 ) mustbe stored for a minimum of one year.

18. Reporting
18.1 Report the f o l l o w i n g information for each dustsample analyzed:18.1.1 Concentration in structures/cm2.18.1.2 The analytical sensitivity.18.1.3 T y p e s of asbestos present18.1.4 Number of asbestos structures counted.18.1.5 E f f e c t i v e f i l t r a t i o n area.18.1.6 Average size of the TEM grid openings that werecounted.18.1.7 Number of grid openings examined.18.1.8 S a m p l e dilution used.18.1.9 Area of the surface sampled.18.1.10-Listing of size data for each structure counted.18.1.11 "A copy of the TEM count sheet or a completel i s t ing of the raw data. An example of a typical count sheet isshown in A p p e n d i x XI.18.2 Determine the amount of asbestos in any acceptedsample using the f o l l o w i n g formula:

EFA x 100 mL x #STR • asbestos structures/cm3 (1)GOxGOAxYxSPLwhere: • number of asbestos structures counted,EFA = e f f e c t i v e f i l t e r area of the f ina l sampl ing f i l t e r , mm2,GO - number of grid openings counted,GOA - average grid opening area, mm3,SPL = surface area sampled, cm3, andV - volume of sample f i l t ered f,in step 10.4.9, repre-senting the actual volume taken from the original100 mL suspension, mL.
19. Quali ty Contro l /Qual i ty Assurance

19.1 In general, the laboratory's quality control checks are. used to veri fy that a system is per forming according tospec i f i cat ions regarding accuracy and consistency. In ananalytical laboratory, spiked or known quantitative samplesare normally used. However, due to the difficulties inpreparing known quantitative asbestos samples, routinequality control testing focuses on re-ranalysis of samples(dupl i ca t e recounts).19.1.1 Re-analyze samples at a rate of */io of the samplesets (one out of every ten samples analyzed not includinglaboratory blanks). The re-analysis shall consist of a secondsample preparation obtained from the f ina l f i l t e r .19.2 In addit ion, quality assurance programs must f o l l o wthe criteria shown in the USEPA Asbestos-Containing Mate-rials in Schools document (4) and in the NIST/NVLAPProgram Handbook for Airborne Asbestos Analysts docu-ment (6). These documents describe sample custody, samplepreparation, blank checks for contamination, calibration,sample analysis, analyst qual i f i ca t ions , and technical fac i l i-ties.
20. Calibrations

20.1 Perform calibrations of the instrumentation on a
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regular basis, and retain these records in the laboratory, inaccordance with the laboratory's q u a l i t y assurance program.20.2 Record cal ibrat ions in a tog book a long wi th dates ofcalibration and the attached backup documentat ion.20.3 A calibration list for the instrument is as Follows:20.3. J TEM:20.3.1.1 Check the a l ignment and the systems operation.R e f e r to the TEM m a n u f a c t u r e r ' s operat ional manual fordetailed instructions,20.3.1.2 Calibrate the camera length of the TEM in elec-tron d i f f r a c t i o n (ED) operat ing mode before ED patterns ofunknown samples are observed. Camera length can be mea-sured by using a carbon coated grid on which a thin Him ofgold has been sputtered or evaporated. A thin f i l m of gold isevaporated on the specimen TEM grid to obtain zone-axisED patterns superimposed with a ring pattern from the poly-crystall ine gold f i l m . In practice, it is desirable to optimizethe thickness of the gold f i l m so tha t- only one or two sharprings are obtained on the superimposed ED pattern. Thickgold f i l m s will tend to mask weak d i f f r a c t i o n spots from thef ibrous particles. Since the unknown d-spacings of mostinterest in asbestos analysis are those which lie closest to thetransmitted beam, m u l t i p l e gold rings from thick f i l m s areunnecessary. Alternat iv e ly , a gold standard specimen can beused to obtain an average camera constant calculated for thatparticular instrument and can then be used for ED patternsof unknowns taken during the corresponding period.20.3.1.3 Perform m a g n i f i c a t i o n calibration at the f luore s-cent screen. T h i s calibration must be performed at themagnif icat ion used for structure counting. Calibration isperformed with a grating replica (7.47) (for example, onecontaining at least 2160 l ines/mm).(a) Define a f i e l d of view on the f luorescent screen. Thef i e l d of view must be measurable or previously inscribed witha scale or concentric circles (all scales should be metric).(b) Frequency of calibration will depend on the servicehistory of the particular microscope.(c) Check the calibration af t er any maintenance of the.microscope that involves ad ju s tment of the power s u p p l y tothe lens or the high voltage system or the mechanicaldisassembly of the electron optical column (apart f r omf i l a m e n t exchange). ^T.(d) The analyst must ensure that the grating replica isplaced at the same distance from the objective lens as the .specimen.(e) For instruments that incorporate a eucentric t i l t i n gspecimen stage, all specimens and the grating replica must beplaced at the eucentric position.20.3.1.4 The smallest spot size of the TEM must bechecked.(a) At the crossover point, pho tograph the spot size at ascreen magni f i ca t i on of 15000 to 20000X, An exposuretime of 1 s is usual ly adequate.(b) The measured spot size must be less than or equal to250 nm.

20.4 EDXA:20.4.1 The resolution and calibration of the EDXA mustbe verified.20.4.1.1 Col l e c t a standard E D X A Cu peak from the Cugrid.20.4.1.2 Compare the X-ray energy versus channel

number for the Cu peak and be certain that readings arewithin ±10 eV.20.4.2 Collect a standard EDXA of crocidoli tc asbestos( N 1 S T S R M 1866).20.4.2.1 The elemental analysis of the crocidolite mustresolve the Na peak.20.4.3 Col l e c t a standard EDXA of chrysolite asbestos.20.4.3.1 The elemental analysis of chrysotile must resolveboth Si and Mg on a single chrysotile fiber.20.5 Ultrasonic bath calibration shall be performed asf o l l o w s :20.5. 1 Fill the bath water to « level equal to the height ofsuspension in the glass sample container that will be used forthe dust analysis! Operate the bath until the water reaches the. equil ibrium temperature., 20.5.2 Place 100 mL of water (at approximately 20'Q inanother 200-mL glass sample container, and record itstemperature.20.5.3 Place the sample container in the water in theultrasonic bath (with the power turned oil). After 60 s,remove the glass container and record its temperature.20.5.4 Place 100 mL of water (at approx imate ly 20*Q inanother 200-mL glass sample container, and record itstemperature.20.5.5 Place the second sample container into the water inthe ultrasonic bath (with the power turned on). After 60 s,remove the glass container and record its temperature.20.5.6 Calculate the rate of energy depos i t ion into thesample container using the f o l l o w i n g formula:
- 4.185 x «r x , x (2)

where:4.185 =R = J o u l e s / c a t ,energy depos i t ion, wa t t s /mL,0, = temperature rise with the ultrasonic bath not oper-ating, "C,0j = temperature rise with the ultrasonic bath operating,•c, ••••--'I »time in seconds, 60 s (20.5.3 and 20.5.5),tr «= spe c i f i c heat of the liquid in the glass samplecontainer, 1.0 cal/g, andp • density of the liquid in the glass sample container,I . O g / c m J .20.5.7 Adjust the operating conditions of the bath so thatthe rate of energy deposition is in the range of 0.08 to 0.12M W / m 3 , as d e f in ed by this procedure.
21. Precision and Bias

21.1 Precision—"the precision of the procedure in this testmethod is being determined using round robin data frompart i c ipat ing laboratories.21.2 Bias—Since there is no accepted reference materialsui table for determining the bias of the. procedure in this testmethod, bias has not been determined (see S p e c i f i c a t i o nD3670).
NOTE 3—Round robin data it under development and will bepresented as a research report

22. Keywords
22.1 asbestos; microvacuuming; se t t l ed dus t; TEM
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A P P E N D I X

(Nonmandatory I n f o n n a l i o n )
X I . D U S T S A M P L E A N A L Y S I S

XI.I See Figs. XI.1 and X1.2 for the dust analysis worksheet and the TEM count sheet
• D U S T S A M P L E A N A L Y S I S

dene _____
S a m p l e 10: ________ ____
Job Number ..
Date Sampl e Analyzed: - ____
Number of Openings/Grids Counted:
Grid Accep t ed , 600X: Yes
Percent Loading;
Grid Box #1:

No

Accelerating Voltage:
Indicated Mag:
Screen Mag:
Microscope:
F i l t e r T y p e :
Filter Size: -
Filter Pore Size (urn):
Grid Opening:

KX
KX

1 2 3 4 5

1)
2)

Ijm x tan
jum x fan

Analyst:
Reviewer:
Calcu la t i on Data:
Effective Filter Area In mm2:
Number of Grid Openings Counted:
Avderage Grid Opening Area In mm2:
Volume of sample F i l t e r e d in ml:
Surface area Sampled in cm2:
Number of Asbestos Structures Counted:'

Counting Rules: AHERA LEVEL II

(EFA) ' .
(GO)

(GOA)
M .

- f S P L )
( # S T R )

* If the number of asbestos structures counted Is tess than or equal to 4, enter 4 structures as the limit of detection here.
F O R M U L A F O R C A L C U L A T I O N O F A S B E S T O S S T R U C T U R E S " D U S T " P E R CM3:

EFAX X 100 X *STR . (Asbestos Structures per cm2)
S O X G O A X V X S P L

Results for Total Asbestos Structures:

Result s for Structures > microns:
(Structures per cm2)

(Structures per cm2)
PIG. X1.1 Ou»t S«mD(a Anatv_i» Work Sh*_t
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Job Number:

Structure j Grid ## I Square # I Type Structure LengthMicrons ConfirmationWidth ____Microns | M o r p h . | S A E D \ EDS

Note: Keys to Abbreviations Used in Rgure:
CAM

CR
AC
TR
AN

N

T y p e :
Chryso t f l eAmositeCroddol t eAcllno l i t eT r e m o f i t eA n t h o p h y l f i t e

Non Asbestos

Structure:
F = FiberB - BundleC = Cluster

M » Matrix

Others:
NSO a No Structures DetectedMorph » Morpho logy
SAED « Selec ted Area Electron Diffraction
EDS " Energy Dispersive X-Ray Spec tro s copy
ER - Inter-Row SpacingNP = No Pattern

FIG. X1.2 TEM Count Sh«rt
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(NIOSH Method 9002) Asbes to s (bu lk) by PLM



A S B E S T O S ( b u l k ) b y P L M 9002

various MW: various CAS: 1332-21-4 RTECS: CI6475000
METHOD: 9002, I s s u e 2 E V A L U A T I O N : P A R T I A L Issue 1: 15 May 1989

Issue 2: 15 August 1994

EPA Standard (Bulk): 1% P R O P E R T I E S : s o l i d , f i brou s , crystall ine, a n f s o t r o p l o

SYNONYMS [CAS*]: a c t lno lFte [77536-66-4], o r f e r r o a c t l n o l l t e [15669-07-5]; amoslte [12172-73-5]; a n t h o p h y l l t t e [77536-67-5J;
chry80tile[12001-29-5];serpenIinB[18786-24-8];crocidolite[12001-28^];tremolltep7536-68^];arnphlboleasbestos[1332-21-4].

S A M P L I N G M E A S U R E M E N T
B U L K S A M P L E :
S H I P M E N T :

S A M P L ES T A B I L I T Y :
B L A N K S :

1 to 10 grams
seal securely to prevent escape ofasbestos

s table
none required

A C C U R A C Y
R A N G E S T U D I E D :
B I A S :
P R E C I S I O N :

A C C U R A C Y :

<1% to 100% asbestos
not determined
not determined
not determined

T E C H N I Q U E : M I C R O S C O P Y , STEREO A N D
P O L A R I Z E D L I G H T , W I T H D I S P E R S I O NS T A I N I N G

ANALYTE: ac t lno l l t e asbestos, amoslte, a n t h o p h y H l t easbestos, chry s o t f l e , croc ido l t t e , t r emo l l t easbestos
EQUIPMENT: microscope, polarized l i g h t ; 100-400Xdispersion staining objective, stereomicroscope: 10-45X
RANGE: 1% to 100% asbestos
ESTIMATED LOD: <1% asbestos [11
PRECISION: not determined

APPLICABILITY: this method Is u s e f u l for the qualitative i d en t i f i ca t i on of asbestos and the semi-quantitative determination ofasbestos content of bulk samples. The method measures percent .asbestos as perceived by the analyst In comparison tostandard area pro j e c t i on s , pho t o s , and drawings, or trained experience. The method Is not a p p l i c a b l e to s ampl e s containinglarge amounts of f i n e f i b e r s below the resolution of the l igh t microscope. • •

INTERFERENCES: Other f i b e r s with optical p r o p e r t i e s similar to the asbestos minerals may give positive interferences. Opticalproperties of asbestos may be obscured by coating on the fibers. Fibers f in er than the resolving power of the microscope (ca.0.3 tan) will not be de tec t ed. Heat and acid treatment may alter the Index of refraction of asbestos and change its color.

OTHER METHODS: This method ( o r i g i n a l l y designated as method 7403) Is de s igned for use with NIOSH Methods 7400 (phasecontrast microscopy) and 7402 (electron m l c r o s c o p y / E D S ) . The method is s imilar to the EPA bulk asbestos method [1],



ASBESTOS (bulk): METHOD 9002, I s s u e 2. dated 15 August 1994 - Page 2 of 9
R E A G E N T S :

1. Refractive index (Rl) l iquids for DispersionSta in ing: h igh-di sper s ion (HD) series, 1.550,
1.605, 1.620.2. Refractive I n d e x l iquids: 1.670, 1.680, and1.700.3. Asbestos reference sample s such as SRM#1866, available from the National I n s t i t u t e of• S t a n d a r d s and Technology.*4. Dis t i l l ed Water (opt ional).5. Concentrated HG: ACS reagent grade.

* S e e S P E C I A L P R E C A U T I O N S .

E Q U I P M E N T :
1. S a m p l e containers: screw-top plastic vials of10- to 50-mL capacity.2. Microscope, polarized l i g h t , with polarizer,analyzer, port for retardation p la t e , 360°graduated rotating stage, substage condenserwith Iris, (amp, lamp Iris, and:a. Objective lenses: 10X, 20X, and 40X ornear equivalentb. Ocular lense: 10X minimum,c. Eyepiece reticle: crosshair,d. Dispersion staining object ive lens orequivalente. Compensator plate: ca. 550 nm± 20 nm,retardation: "first order red" compensator....2U. Microscope slides: 75 mm x 25 mm.4. Cover sl ips.5. Ventilated hood or negative-pressure glovebox.6. Mortar and pestle: agate or porcelain.7. Stereomicroscope, ca. 10 to 45X8. Light source: Incandescent or f luore scent9. Tweezers, di s sect ing needles, spatulas ,probes, and scalpels.10. Glas s ine paper or dean glas s plate.11. Low-speed hand drill with coarse burr bit(optional).

SPECIAL PRECAUTIONS: Asbes tos , a human carcinogen, should be handled only In an exhaust hood(equipped with a HEPA filter) [2]. Precautions should be taken when col lec t ing unknown samples , whichmay be asbestos, to pr e c lude exposure to the person co l l e c t ing the sample and minimize the d i s rup t i onto the parent material [3]. Disposal of asbestos-containing materials should f o l l o w EPA Guide l in e s [4].
S A M P L I N G :

1. Place 1 to 10 g of the material to be analyzed in a sample container.NOTE: For large sample s (U-. whole ceiling t i l e s) that are. fairly homogenous, a representativesmall portion should be submitted for analysis. S a m p l e size should be adjus t ed toensure that It Is representative of the parent material.2. Make sure that sample containers are taped so they wOl not open in transit3. Ship the samples in a rigid container with s u f f i c i e n t packing material to prevent damage orsample loss. •
S A M P L E P R E P A R A T I O N :

4. Visually examine samples In the container and with a low-magnif i cat ion stereomlcros.cope in ahood. (If necessary, a sample may be c a r e f u l l y removed from the container and p laced ongla s s ine t r a n s f e r p a p e r or clean glass plate for examination). Break off a port ion of the sampleand examine the edges for emergent fibers. N o t e the homogenei ty of the sample. Some hardt i l e s can be broken, and the edges examined for emergent f ibers . If f i b e r s are f o u n d , make anestimate of the amount and type of f i b e r s present, conf irm f i b e r type (s t ep 14) and q u a n t i f y (s t ep15).
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5. In a hood, open s a m p l e container and with tweezers remove sma l l , representative port ions ofthe sample.a If there are obvious separable layers, s ampl e and analyze each layer s eparate ly,b. If the sample appears to be s l i g h t l y Inhomogeneou s , mix it in the sampl e container withtweezers or a s p a t u l a before taking the por t i on of analysis. A l t e r n a t i v e l y , take smallrepresentative por t i on s of each type of material and place on a glas s s l ide ,c. On hard t i l e s that may have thin, in s eparable layers, use a scalpel to cut through all thelayers for a representative sample. Then cut it into smal l er pieces a f t e r p la c ing Rl liquid on itbefore trying to reduce the thickness. Alternat ive ly, use a low-speed hand drill equ ippedwith a burr bit to remove material from hard tiles. Avoid excessive heating of the samplewhich may alter the optical proper t i e s of the material.NOTE: This type of sample o f t en requires ashing or other specialized preparat ion, and mayrequire transmission electron microscopy for detection of the short asbestos f i b e r swhich are characteristic of f l o o r t i l e s ,d. If the sample has large, hard particles , grind ft In a mortar. Do not grind so f in e that f ibercharacteristics are destroyed.e. If necessary, treat a portion of the sample, in a hood with an a p p r o p r i a t e solvent to removebinders, tars, and other int er f er ing materials which may be present in the sample. Makecorrections for the non-asbestos material removed by this process.NOTE: Other methods of sample preparation such as acid washing and sodiumm e t a p h o s p h a t e treatment and ashing may be necessary, e s p e c i a l l y to detect lowconcentrations of asbestos. If needed, use as described In Reference [ 1 ] .6. After p l a c i n g a few d r o p s of Rl l iquid on the s l ide , put a small port ion of sample In the l iquid.Tease apart with a needle or smash small c lumps with the flat end of a spa tu la or probe,produc ing a uni form thickness or par t i c l e s so that better estimates of pro j e c t ed areapercentages can be made. Mix the f i b e r s and par t i c l e s on the s l i d e so that they are ashomogeneous as possible.NOTE: An even dispersion of sample should cover the entire area under the cover s l ip, somepractice will be necessary to j u d g e the right amount of material to p lace on the slide.Too little sampl e may not give s u f f i c i e n t I n f o r m a t i o n and too much sample cannot beeasily analyzed.

C A L I B R A T I O N A N D Q U A L I T Y C O N T R O L :
7. Check for contamination each day of operation. W i p e microscope s l id e s and" cover s l i p s withlens paper be fore using. Check refractive I n d e x l iquids . Record results In a separate logbook.8. Verify the refractive indices of the refractive index l i q u i d s used once per week of operation. . .-.-Record these checks In a separate logbook.9. F o l l o w the m a n u f a c t u r e r ' s Instructions f o r j l u m l n a t i o n , condenser al ignment and othermicroscope a d j u s t m e n t s . Per form these ad ju s tmen t s prior to each sample set.10. Determine percent of each ident i f i ed asbestos species by comparison to standard projec t ions(Figure 1) [1]. If no f i b e r s are detected in a homogeneous sample , examine at least twoadd i t i ona l preparat ions be fore concluding that.no asbestos Is present11. If It appears that the prepara t i on technique might not be able to produce a homogeneous orrepresentative sampl e on the s l i d e , prepare a d u p l i c a t e s l ide and average the results.Occasionally, when the d u p l i c a t e results vary greatly, It will be necessary to prepare addit ionalrepl i cate s l i d e s and average all the replicate results. Prepare d u p l i c a t e s l ide s of at least 10% ofthe sample s analyzed. Average the results for reporting.12. Analyze about 5% blind sample s of known asbestos content13. Laboratories p e r f o r m i n g this analytical method should p a r t i c i p a t e in the National VoluntaryLaboratory Accred i ta t i on Program [5] or a similar I n t e l - l a b o r a t o r y quali ty control program. Eachanalyst should have compl e t e formal training In polarized l i g h t microscopy and Its a p p l i c a t i o n tocrys ta l l ine materials. In lieu of formal training, laboratory training In asbestos bulk analysis underthe direction of a trained asbestos bulk analyst may be substituted. Owing to the subjectivenature of the method, frequent pract ice is essential in order to remain p r o f i c i e n t in e s t imat ingpro j e c t ed area percentages.
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Q U A L I T A T I V E A S S E S S M E N T :

14. Scan the s l id e to Identify any asbestos minerals using the optical propertie s of morpho logy ,refractive I n d i c e s , color, p l eo chro l sm, b ire fr ingence , extinction characteristics, sign of e longat ion,and dispers ion s taining characteristics.NOTE: i d e n t i f i c a t i o n of asbestos using polarized l i g h t microscopy Is unlike most other analyticalmethods. The quali ty of the result s is dependent on the skill and j u d g m e n t of theanalyst. This method does not lend Itself easily to a step-wise approach. Variousprocedures devised by different analysts may yield equivalent results. The f o l l o w i n gstep-wise procedure repea t ed ly utilizes the sample preparation procedure previouslyoutlined.a. Prepare a s l ide using 1.550 HD Rl l iquid . Adjust the po lar iz ing filter such that the polars arep a r t i a l l y crossed, with ca. 15° o f f s e t Scan the preparation, examining the morpho logy forthe presence of f ibers . If no f i b e r s are f o u n d , scan the additional preparations. If no f i b er sare found in any of the preparations, report that the sample does not contain asbestos, andstop the analysis at thi s point .b. if f i b er s are f o u n d , a d j u s t the po lar iz ing f l l t e r^ such that the polars are fully crossed. If all ofthe f i b er s are I s o t r o p l c (d i sappear at all angles of rotation) then those f iber s are notasbestos. Fibrous glas s arid mineral wool, which are common components of suspectsamples, are isotropic. If only Iso trop i c f i b er s are found in the additional preparations, reportno asbestos f i b er s detected, and stop the analysis.c. If anlsotropic f i b e r s are f o u n d , rotate the stage to determine the angle of extinction. Exceptfor t r emol i t e -ac t lno l l t e asbestos which has oblique extinction at 10-20°, the other forms ofasbestos exhibit para l l e l extinction (Table 1). f remolite may show both paralle l and obliqueextinction.d. Inser t the f ir s t order red compensator p la t e in the microscope and determine the sign ofelongation. All forms of asbestos have a positive sign of elongation except for crocidoll te. Ifthe sign of e longation observed Is negative, go to s tep "g."NOTE: To determine the direction of the sign of elongation on a particular microscopeconf igurat ion, examine a known chrysotl ie sample and note the direction (NE-SW orNW-SE) of the blue coloration. Chrysot l i e has a positive sign of elongation,e. Remove the f irs t-order red compensator and uncross the polarizer. Examine under planepolarized l i g h t for blue and gold-brown Becke colors at the fiber-oil interface (i.e., index ofrefraction match). Becke colors are not always evident Examine f iber morphology fortwisted, wavy bundl e s of f i b e r s which are characteristic of chrysotlie. Twi s t ed , ribbon-likemorphology with c e l l u l a r internal f ea ture s may indicate c e l lu lo s e fibers. It may be necessaryto cross the polars p a r t i a l l y in order to see the f ibers If the Index of refraction Is an exactmatch at 1.550. If the f i b e r s appear to have higher Index of refraction, go to s tep "h,"otherwise continue.. f. Identification of chrysolite. I n s e r t - t h e dispersion staining objective. Observation ofd i sper s i on s taining colors of blue and blue-magenta confirms chrysotile. C e l l u l o s e , which Isa common I n t e r f e r i n g f i b e r at the 1.550 Index of refraction, will not exhibit these di spers ionstaining colors. If chrysotl ie Is f ound, go to s tep 15 for quantitative estimation,g. Identification of crocidoiite. Prepare a s l ide In 1.700 Rl liquid. Examine under plane-polarized l i g h t (uncrossed polars); check for morpho logy of crocidolite. Rbers will bestraight, with rigid appearance, and may appear blue or purple-blue. Croc ido l l t e ispleochrolc , I.e., it will appear to change Its color (blue or gray) as It Is rotated through planepolarized l igh t . Insert the dispersion staining objective. The central s top di spers ion s tainingcolor are red magenta and blue magenta, however, these colors .are sometimes difficult to.I m p o s s i b l e to see because of the opacity of the dark blue fibers. If observations aboveI n d i c a t e crocidoli te, go to s t ep 15 for quantitative estimation.h. • I d e n t i f i c a t i o n of amosite. Prepare a s l i d e In 1.680 Rl l iquid. Observed the f i b e r morpho l ogyfor amosite characteristics: s traight f i b er s and f i b e r bundles with broom-like or splayedends. If the morphology matches amosite, examine the f iber s using the dispersion stainingobjective. Blue and p a l e blue colors I n d i c a t e the c u m m l n g t o n t t e form of amosite, and goldand blue colors I n d i c a t e the g r u n e r f t e f orm of amosite. If amosite is conf irmed by this test,
N I O S H Manual o f Analyt i ca l Method s ( N M A M ) , F o u r t h Edi t ion, 8/15/04



______ ASBESTOS (bulk): METHOD 9002, I s s u e 2, dated 15 A u g u s t 1994 - Page B of 9______
go to s tep 15 for quantitative estimation, otherwise continue.

I. I d e n t i f i c a t i o n of anthophyl l l t e- tremol l t e-ac t ino l i t e . Prepare a s l ide In 1.605 HD Rl liquid.Examine m o r p h o l o g y for comparison to a n t h o p h y l l l t e - t r e m o l l t e - a c t i n o l l t e asbestos. Therefract ive I n d i c e s for these forms of asbestos vary na tura l ly within the species. Anthophylll fecan be d i s t i n g u i s h e d from a c t i n o l l t e and t r emol l t e by Its nearly para l l e l extinction. AetinolJiehas a l i g h t to dark green color under p lane-po lar ized l i g h t and exhibits some pieochroism.For all three, f iber s will be straight, single f ibers pos s ib ly with some larger composite fibers.Cleavage f r a g m e n t s may also be present. Examine using the central s top d i sper s ionstaining object ive. A n t h o p h y l l i t e will exhibit central s t op colors of blue arid g o l d / g o l d -magenta; tr emol i t e will exhibit pale blue and yellow; and a c t l n o l f t e will exhibit magenta andgolden-yel low colors.NOTE: in this refractive index range, wollastonlte Is a common Inter f er ing mineral withs imilar morpho l ogy I n c l u d i n g the presence of cleavage fragments . It has bothposi t ive and negative sign of e longat ion, para l l e l extinction, and central stopdi sper s i on s taining colors of pale yellow and p a l e yellow to magenta. If f u r t h e rconf irmat ion of wollas tonite versus a n t h o p h y l l l t e Is needed, go to s t ep "j". If any ofthe above forms of asbestos were confirmed above, go to s t ep 15 for quantitativeestimation. If none of the tests above confirmed asbestos f iber s , examine theaddi t ional preparations and If the same result occurs, report the absence of. asbestos in this sample.j. Wash a small por t i on of the s a m p l e In a drop of concentrated hydrochloric acid on a slide.Place the s l ide, with cover s l i p In place, on a warm hot p l a t e until dry. By capi l lary action,place 1.620 Rl l iqu id under the cover c l i p and examine the slide. W o l l a s t o n i t e f iber s willhave a "cross-hatched" appearance across the l e n g t h of the f i b er s and will not show centrals top d i sper s ion colors. A n t h o p h y l l i t e and tremol i t e will still show their original dispersioncolors.NOTE: There are alternative analysis procedures to the step-wise approach outlined abovewhich will yield equivalent results. Some of these alternatives are:i. Per form the initial scan for the presence of asbestos using crossed p o f a r s asr- well as the f ir s t-order red compensator. This allows for s imultaneous viewing ofb l r e f r l n g e n t and amorphous materials as well as determine their sign ofelongation. Some f i b er s which are covered with mortar may best be observedusing thi s configuration.II. Some analysts p r e f e r to mount their f ir s t preparation in a Ri liquid d i f f e r e n t thanany asbestos materials and conduct their initial examination under plane-polarized l ightiil. If alternative Rl l iqu id s are used from those s p e c i f i e d , dispersion s taining colors'observed will also change. Refer to an appropr ia t e reference for the s p e c i f i ccolors associated with asbestos In the Rl l i q u i d s ac tual ly used.
Q U A N T I T A T I V E A S S E S S M E N T :

15. Estimate the content of the asbestos type present in the sample using the 1.550 RI preparation.Express the estimate as an area percent of all material present, taking into account the l o a d i n gand di s tr ibut ion of all s ampl e material on the slide. Use F i g u r e 1 as an aid in arriving at yourestimate. If additional unident i f i ed f ibers are present In the sample, continue with the qualitativemeasurement (step 14).NOTE: Point-count ing techniques to determine percentages of the asbestos minerals ere notgenera l ly recommended. The point-counting method only produces accuratequantitative data when the material on the s l ide is homogeneous and has & uni formthickness, which Is difficult to obtain [6], The point-counting technique Is, recommendedby the EPA to determine the amount of asbestos In bulk [1]; however, in the morerecent Asbes to s Hazard Emergency Response Act (AHERA) regulat ions, asbestosquant i f i ca t i on may be p er f ormed by a point-counting or equivalent est imationmethod [7].
N I O S H Manual o f A n a l y t i c a l M e t h o d s ( N M A M ) , F o u r t h E d i t i o n , 0 / 1 5 / P 4
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16. Make a quantitative estimate of the asbestos content of the sample from the appropr ia t ecombination of the estimates from both the gross and microscopic examinations. If asbestosf i b e r s are identified, report the material as "asbestos-containing". Asbestos content should bereported as a range of percent content. The range reported should be Indicat ive of the analyst'sprecision in est imating asbestos content. For greater quanti t ie s use F i g u r e 1 In arriving at yourestimate.

EVALUATION OF METHOD:
The method is compiled from standard techniques used In mineralogy [6-13], and from standardlaboratory procedures for bulk asbestos analysis which have been utilized for several years. Thesetechniques have been s u c c e s s f u l l y a p p l i e d to the analysis of EPA Bulk S a m p l e Analysis QualityAssurance Program samples since 1982 [1,5]. However, no formal evaluation of this method, as written,has been per formed.
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T a b l e 1. Optical Properties of Asbestos Fiber s ||

Mineral
Chrysot i le

I cummlngtonlte-Grunerite( A m o s f t e )

I C r o d d o l l t e(Rlebe ck l t e)

I A n t h o p h y l l r t e

T r e m o l l t e -A c t i n o l l t eI

M o r p h o l o g y and Color
Wavy f i b e r s with kinks.S p l a y e d ends on largerbundles . Color le s s tol i g h t brown upon beingheated. N o n p l e o c h r o l c .Aspect ratio t y p i c a l l y>10:1.

Straigh t f i b e r s and f i b e rbundles . • Bundle endsappear broom-like or .sp layed. Colorle s s tobrown upon heating.May be weaklypleochrolc. Aspec t ratiot y p i c a l l y > 10:1.
Straight f i b er s and f i b e rbundles . Longer f i b e r sshow curvature. S p l a y e dends on bundles .Characteristic blue color.Pleochrolc. Aspec t ratio .t y p i c a l l y >10:1.

Straight f i b e r s and f ib er•bundles . Cleavagef r a g m e n t s may bepresent Colorle s s tol igh t brown.N o n p l e o c h r o l c to weaklypleochrolo . Aspec t ratiogenera l ly < 10:1.
Straight and curvedf ibers . Cleavage .f r a g m e n t s common.Large f i b e r bundl e s showsp layed ends. T r e m o l l t e .I s colorless. A c t i n o l i t e I sgreen and weakly tomoderately pleochrolc .Aspect ratio g e n e / a l l y<10:1.

Refractive I n d e x( A p p r o x i m a t e V a l u e s )
i-toElongat ion

1.54

1.67

• •••~*.

1.71

1.61

1.60-1.62(tr emo l t t e)

1.62- 1.67(act lnoWe)

•

| toElongation
1.55

1.70 •

' 1 . 7 0

1.63

1.62 - 1.64( t r e m p l r t e )

1.64-1.68(act ino l l t e)

Birefringence
0.002-0.014

0.02 - 0.03

0.014-0.016Inter f erence colorsmay be masked byblue color.

0.019 - 0.024

0.02 - 0.03
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Table 1. Optical Proper t i e s of Asbestos F i b e r s ( C o n t i n u e d )

Mineral
I C h r y s o t l l e

I I C u m m l n g t o n l t e -|| GruneriteI J ( A m o s l t e )

| C u m m l n g t o n l f e
1 Grunerite

|j C r o d d o I K e1 (Rlebeckite)

A n i h o p h y t l i t e

I T r e m o l l t e -A d l n o l l t e

Extinct ion
Paral l e l to f i b e rl e n g t h
P a r a l l e l to f i b e rl e n g t h

— — — — 1P a r a l l e l to f i b e rl eng th

Paral l e l to f i b e rl e n g t h

Oblique -10 to20° forf ragment s . Somecomposi te f i b e r senow ]extinction.

Sign ofElongation
+ ( l e n g t h s low)

+ ( l e n g t h slow)

- ( l e n g t h fas t)

+ (length slow)

+ ( l e n g t h slow)

Central S t o p D i s p e r s i o n S t a i n i n g Colors

Rl Liquid
1.550"

1.670
F i b e r s subjectedto h ightemperatures willnot di spers ion- .stain.1.680.1.680

1.700

1.680 '
1.605 H0

1.620 "
1.605™

. - L ' °Vibrat ion
Blue

Red magenta toblue

p a l e blueblue

Red magenta

yellow
Blue

Blue-green
Pale blue(tremo l i t e)

Yellow( a c t l n o l l t e )

|to 1Vibration |
Blue-magenta |

Y e l l o w 1

bluegold

Blue-magenta f l

p a l e ye l low
Golf l t o go ld-magenta
Golden-ye l l ow
Y e l l o w( t r e m o l i t e ) ||

Pale yellow U(ac t lno lhe) ||
UHD « h igh-di sper s ion Rl l iqu id series. II
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For the purpose s of this s tudy, ISO 10312 will be m o d i f i e d as f o l l o w s :
Line 9 of paragraph 3 in S e c t i o n 1.4 will be changed to "The direct analytical technique method
cannot be used if the general part i cu la t e l oad ing of the sample collect ion f i l t e r exceeds
approx imat e ly 25 ug/cm 2 of f i l t e r surface, which corresponds to a p p r o x i m a t e l y 25% coverage of
the c o l l e c t i on f i l t e r by particulate."
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• ISO ISO

Foreword
ISO (the International Organization for Standardization) is e worldwidef ederat ion of national standards bodies (ISO member bodies). The workof preparing International Standards is normally carried out through ISOtechnical committee*. Eech member body interested in e eubject forwhich e technical committee has been established has the right to berepresented on that committee. International organizations, governmentalend nongovernmental, in liaison with ISO, also take part in the work. ISOcollaborates dosely with the International Electrotechnicel Commission(IEC) on all matters of electrotechnicel standardization.
Draft international Standards adopted by the technical committees ere 'circulated to the member bodies for voting. Publication es an InternationalStandard requires approval by at least 75 % of the member bodies casting• vote.
International Standard ISO 10312 wes prepared by Technical CommineeISO/TC "\ 46, Air e.u*'/ry. Subcommittee SC 3. Ambient mtmosphtins.
Annexes A. 6, C, 0, E end f form en integral part of this InternationalStandard. Annexes G. H and J ere for information only.



I S O 10312:199S(E) » I S O

Introduct ion
This International Standard is app l i cab l e to the determination of airborneasbestos in a wide range of ambient air situations, including the interioratmospheres of b u i l d i n g s , and for de ta i l ed evaluation of any atmospherein which asbestos structures are l ike ly to be present. Because the bestavailable medical evidence indicates that the numerical f i b r e concentrationand the f i br e sizes are the relevant parameters for evaluation of theinhalat ion hazards, a f i b r e counting technique is the only logical approach.Most f i br e s in ambient atmospheres are not asbestos, and there fore thereis a requirement for f i b r e s to be ident i f i ed . Many airborne asbestos f ibre sin ambient atmospheres have diameters below the resolution limit of theopt i ca l microscope. This International Standard is based on transmissionelectron microscopy, which has adequate resolution to al low detection ofsmall f i b r e s and is currently the only technique capable of unequivocali d e n t i f i c a t i o n of the major i ty of individual f ibres of asbestos. Asbestos iso f t e n f o u n d , not as s ingle f i bre s , but as very complex, aggregated struc-tures which may or may not be also aggregated with other particles. Thef ibre s found suspended m an ambient atmosphere can o f t en be ident i f i edunequivocally, if a s u f f i c i e n t measurement e f f o r t is expended. However,if each f i b r e were to be i d e n t i f i e d in this way. the anaysis would becomeproh ib i t iv e ly expensive. Because of instrumental def ic iencie s or becauseof the nature of the paniculate, some fibres cannot be pos i t ively id en t i f i edas asbestos, even though the measurements alt indicate that they couldbo asbestos. Subj e c t iv e fa c t or s therefore contribute to this measurement,and consequently a very precise d e f in i t i on of the procedure for ident i f i ca-tion and enumeration of-asbe s to s f i br e s is required. The method spe c i f i edin this International Standard is designed to provide the best descriptionpo s s i b l e of the nature, numerical concentration, and sizes of asbestos-containing par t i c l e s f ound in an air sample. Thi s International Standard isnecessarily complex, because the instrumental techniques used are com-pl ex , and also because a very detailed and logical procedure must bes p e c i f i e d to reduce the subjective aspects of the measurement Themethod of data recording spec i f i ed 'm this International Standard is de-signed to anew re-evaluation of the structure counting data as new med-ical evidence becomes available. All of the f ea s ib l e specimen preparat iontechniques result in some modification of the airborne paniculate. Eventhe col lec t ion of par t i c l e s from a three-dimensional airborne dispersiononto a two-dimensional filter surface can be considered a modi f i cat ion ofthe paniculate, and some of the panicles in most samples are modif iedby the specimen preparation procedures. However, the procedures spec*i f ied in this Internat ional Standard are designed to minimize the disturb-ance of the collected paniculate material, and the e f f e c t of thosedisturbances which do occur can be evaluated.

This International Standard describes the method of analysts for a singleair f i l t e r . However, one of the largest potential errors in characterizingasbestos in ambient atmospheres is associated with the variabil i ty be-tween filter samples. For this reason, it is necessary to des ign a repl i cates a m p l i n g scheme in order to determine this International Standard's ac-curacy and precision.
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Ambient air — Determination of asbestos f i bre s —Direct-transfer transmission electron microscopymethod

1 Scop* 1.4 Limit of detection

1.1 Substance determined
This International Standard speci f i e s a referencemethod using transmission electron microscopy forthe determination of the concentration of asbestosstructures in ambient atmospheres and includesmeasurement of the lengths, widths and aspect ratiosof the asbestos structures. Tfte method allows deter-mination of the type(s) of asbestos f ibres present. Themethod cannot discriminate between individual f ibresof the asbestos and non-asbestos analogues of thesame amphibole mineral.

1.2 T y p e of
The method is de f ined for polycarbonate capillary-poref i t t e r s or cellulose ester {either mixed esters of cellu-tose or cellulose nitrate) f i l t e r s through which a knownvolume of air has been drawn. The method is suitablefor determination of asbestos in both exterior endbuilding atmospheres.

1.3 Meesur fng
The range of concentration which can be determinedis 50 structures/mm2 to 7 000 structures/mm9 on thef i l t er . The air concentrations represented by thesevalues are a funct ion of the volume of air sampledThere Is no lower limit to the dimensions of esboatosf ibre s which can be detected. In practice.micrcscoprsts vary in their ability to detect very smallasbestos fibres. There fore , e minimum length of0.5 ttm has been def ined as the shortest f i br e to beincorporated in the reported results.

The limit of detection theoretically can be lowered irvd e f i n i t e l y by f i l t ra t i on of pfogrot s iv«ty larger volumesof air and by extending the examination of the speci-mens in the electron microscope, in practice, thelowest achievable limit of detection for a particulararea of TEM specimen examined is controlled by thetotal suspended paniculate concentration.
For total suspended paniculate concentrations of ap-proximately 10 ug/m . corresponding to clean, ruralatmospheres, and assuming f i l tra t ion of 4 000 litresof air. en analytical sensitivity of 0.5 structure/I can beobtained, equivalent to a limit of detection of 1,8s t ruc ture/I, if an area of 0,195 mm2 of the TEMspecimens is examined, if higher total suspendedpaniculate concentrations are present the volume ofair f i l t e r ed must be reduced in order to maintain anacceptable paniculate loading on the f i l t e r , leading toe proportionate increase in the analytical sensitivity.

Where this he the case, lower limits of detection canbe achieved by increasing the area of the TEM speci-mens that is examined. In order to achieve lowerlimits of detection for f ibre s and bundles longer than5 »»m. arid far PCM equivalent f ibres, tower magni-fications are specif ied which permit more rapid ex-amination of larger areas of the TEM specimens whenthe examination is limited to these dimensions of fi-bre. The direct analytical method cannot be used if thegeneral paniculate loading of the sample collectionf i t t e r exceeds approximately 10 no/cm' of f i l t e r sur-face , which corresponds to approximately 10 % cov-erage of the collection filter by paniculate. If the totalsuspended paniculate is large ly organic material, theMmh of detection can be towered s igni f i cant ly by usingan indirect preparation method.
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Count as 1 compact cluster containing more than 9 fi-bres (all f ibres shorter than S i»m)
Record as CC+0

S t u n
Count as 1 disperse duster consisting of S fibres, 4of which ere longer than S \tm
Record as CDS*, f o l l owed by 6 f ibre s , each recordede s C F

S|im

Count as 1 disperse cluster consisting of 4 fibres. 2of which are longer than 5 urn. and 2 cluster residuals,each containing more than 9 f ibre s
Record as CD+2, f o l l o w e d by 4 f tores, each recordedas CF, and 2 duster residual, each recorded as CR+0

S l i m

Count as 1 disperse duster consisting of 3 fibres. 2bundles, 1 of which is tonger than 5 jim, and 1 clusterresidual containing more than 9 f ibres
Record as CD+1. f o l l owed by 3 fibres, each recordedas CF, 2 bundles, each recorded as CB. and 1 clusterresidual recorded as CfWO

Hgure C.2 — Examples of reconAns of complex asbestos duster*
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C.2.4 Matrix
One or more f i bre s , or f ibre bundles, may be attachedto. or p a r t i a l l y concealed by. • single par t i c l e or groupof ov e r lapp ing nonf tbrous particle*. T h i s structureshell be de f ined as a matrix. The TEM image does notdiscriminate between particles which are attached tof ibre s , and those which have by chance overlapped inthe TEM image. It is not known, therefor*, whethersuch a structure is actually a complex particle, orwhether it has arisen by • s impl e over lapping of par-ticles and f i br e s on the f i l t e r .

Since a matrix structure may invorVe more than onefibre, it is important to d e f i n e in detail how matricesshall be counted. Matrices exhibit d i f f e r e n t character-istics, and two types can be de f ined.

C.2.4.1 disperse matrix (type D): Structure con-s i s t ing of a panicle or linked group of partic le s , witho v e r l a p p i n g or attached f i b r e s or bundles in which atf ea s t one of the individual f i br e s or bundles can boseparately i d e n t i f i e d and its dimensions measured.

C.2.4.2 compact matrix (type C): Structure con-si s t ing of a particle or linked group of part i c l e s , inwhich f ibre s or bundles can be seen either within thestructure or p r o j e c t i n g f r o m it such that the dimen-sions of individual f i bre s and bundles cannot be un-ambiguously determined.
In practice, matrices can occur in which the charac-teristics of both types of matrix occur in the samestructure. Where this occurs, the structure shoutd beassigned as a di sperse matrix, and then a logical pro-cedure should be f o l l o w e d by recording structurecomponents according to the counting criteria. Exam-ple s of the procedure which shall be f o l l owed areshown in f i gur e C.3.

C2J5 Asbestos structure f orger titan 5 urn .
Any f i bre , bundle, cluster or matrix for which thelargest dimension exceeds 5 |tm. Asbestos structureslarger than 5 »im do not necessarily contain asbestosf ibres or bundle s longer than 5 jim.

C.2.6 Asbestos f ibra or bundle) longer than5
An asbestos f i b r e of any width, or bundle of such fi-bres. which has a length exceeding 5 jim.
£2.7 PCM equivalent structure)
Any f i br e , bundle, cluster or matrix with an aspect ra-tio of 3/1 or greater, longer than 5 pm, and which hasa diameter between 0,2 \tm and 3,0 um. PCM equiv-alent structures do not necessarily contain f ibres orbundles longer than 5 tim, or PCM equivalent fibres.
C.24 PCM equivalent f i bre)
Any partic le with paralle l or stepped sides, with anaspect ratio of 3/1 or greater, longer than 5 pm, andwhich has e diameter between 0.2 \im and 3.0 urn.For chrysolite. PCM equivalent f ibre s win always bebundles.
C.3 Othar structure counting critaria
C.3.1 Structures which Intersect grid ban
A structure which intersects a grid bar shall only becounted on two sides of the grid opening, as illus-trated in f igur e C.4. Record the dimensions of thestructure such that the obscured portions of compo-nents are taken to be equivalent to the unobscuredportions, «s shown by the broken lines in f igure C.4.For example, the length of a f ibre intersecting a gridbar is taken to be twice the unobscured length.Structures intersecting either of the other two *id«cshall not be included in the count
C.3.2 Fibre* which extend outside the f i e l dof view
During scanning of a grid opening, count f i b r e s whichextend outside the f i e l d of view systematically, so asto avoid double-counting. In general, a rule should beestablished »o that f i b r e s extending outside the f i e l dof view 'm only two quadrants are counted. The pro-cedure is i l lus trated by f igure C.S. Measure the lengthof each of these f ibre by moving the specimen to lo-cate the other end of the f ibre, and T h e n return to theoriginal f i e l d of view before continuing to scan thespecimen. Fibres without terminations within the f i e l dof view shall not be counted.
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Count as 1 compact matrix, with all f ibres shorter thanS pm
Record as MC+0

5pm

Count as 1 disperse matrix consisting of 1 f i b r e shorterthan 5 jim
Record as MD10, f o l l o w e d by 1 f ibre recorded as MF

S p m

Count as 1 disperse matrix consisting of 5 f i bre s , altlonger than 5 jim
Record as MD55, f o l l owed by 5 f i bre s , each recordeda s M F

Count as 1 disperse matrix, consisting if 3 fibres. 1 Ofwhich is longer than 5 (»m. and 1 matrix residual con-taining 3 f ibres
Record as MD61. f o l l owed by 3 f ibre s , each recordedas MF. and 1 matrix residual recorded as MR30

C J — Example* of recording of complex asbestos matrices
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C.4 Procedure for data recording
C4.1 General
The morphological codas spec i f i ed are designed tofa c i l i ta t e computer data processing, and to allow re-cording of a complete representation of the importantfeatures of each asbestos structure. The procedurerequires that the microscopist c l a s s i f y each primaryf ibrous structure into one of the four fundamentalcategories: f i bre s , bundles, clusters and matrices.
C.4.2 Fibre*
On the structure counting form, a fibre as def ined inC.2.1 shell be recorded by the designation *F". If th«f i br e is a separatee-counted part of a cluster or ma-trix, the f i b r e shal l be recorded by the designation"CF", or "MF", depending oh whether it is a compo-nent of 9 cluster or matrix.
C.4.3 Bundle*
On the structure counting form, a bundle as d e f inedin C.2.2 shall be recorded by the des ignation "B". Ifthe bundle is a separately-counted part of a duster ormatrix, the bundle shall be recorded by the desig-nation "CB". or "MB", depending on whether it is acomponent of a cluster or matrix,
C.4.4 Disperse dusters (type D)
On the structure counting form, an isolated cluster oftype D as d e f in ed in C.2.3 shall be recorded by thedes ignation "CD", f o l l owed by a two-digit number.The f i r s t digit represents the analyst ' s estimate of thetotal number of f ibres and bundles comprising thestructure. The dig i t shall be f rom 1 to 9, or designatedas "*" if th«r« «r» estimated to be more than 9component f i b r e s or bundles. The second digit shallrepresent, in the same manner, the total number off i br e s and bundles longer than 5 pm contained in thestructure. The overall dimensions of the cluster, intwo perpend i cu lar directions representing the maxi-mum dimensions, shall be recorded. In order of de-Creasing l ength, up to 5 component f ibre s or bundlesshel l be separator/ recorded, using the codes "CF"{cluster f i b r e ) a n d ' C B " (cluster bundle). I f . a f t e r a c -counting for prominent component f ibre s and bun-dles, a group of clustered fibres remains, this shall berecorded by the designation "CR" (cluster residual).If the remaining clustered f ibre s are present as morethan one localized group, it may be necessary to re-cord more than one cluster residual. Do not recordmore than 5 cluster residuals for any duster. A clusterresidual shall be measured and assigned a two-digit

number, derived in the same manner as sp e c i f i ed forthe overall cluster. Optionally* " the number of com-ponent f ibre s and bundles in either the original clusteror the cluster residual is outside the range 1 - 9, ad-ditional information concerning the number el com-ponent fibres and bundles may be noted in the' c o m m e n t s " column.
C.4.5 Compact ciufttr* (type C)
On the structure counting form, an isolated cluster oftype C as de f ined in C.2.3 shall be recorded by the.designation "CCV fo l l owed by a two-digit number.The two-digit number describing the numbers ofcomponent f ibre s and bundles shall be assigned in thesame manner as for clusters of type D. The overalldimensions of the cluster in two perpendicular di-rections shall be recorded in the same manner as forclusters of type D. By de f in i t ion, the constituent fi-bres and bundles of compact clusters cannot be sep-arately measured; therefore, no separate tabulationof component fibres or bundles can be made.

*

C.4.6 Disperse nurtrice* (type) D)
On the structure counting form, an isolated matrix oftype D as def ined in C.2.4 shall be recorded by thedesignation "MD". f o l l owed by » tw/o-digh number.The two-digit number shell be assigned in the samemanner as for dusters of type D. The overall dimen-sions of the matrix in two perpendicular directionsshall be recorded in the same manner as for clustersof type D. In order of decreasing length, up to 5component fibres or bundles shall be c e p e r s t e f y re-corded, using the codes "MF" (matrix f i b r e ) and"MB" (matrix bundle). If a f t e r accounting for promi-nent component fibres and bundles, matrix materialcontaining asbestos f i b r e s remains, this shall be re-corded by the des ignation "MR" (matrix re s idual), tfthe remaining matrix f i b r e s are present as more thanone localized group, it may be necessary to recordmore then one matrix residual. Do not record morethan 5 matrix residuals for any matrix. A matrix re-sidual shall be measured and assigned « two-digitnumber, derived in the same manner as spec i f i ed forthe overall matrix. Optionally, if the number ot con*ponent f i br e s or bundles in either the original matrixor the matrix residual is outside the range 1 - 9. ad-ditional in format ion concerning the number of com-ponent f ibres and bundles may be noted in the"comments" column.

C.4.7 Compact matrices (type C)
On the structure counting form, an i solated matrix oftype C as d e f ined in C.2.4 shad be recorded by the
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designation "MC", f o l l owed by •two-digit number.The two-digit number shad be assigned in the samemanner as for clusters of type p. The overall dimen-sions of the matrix in two perpendicular directions•hall be recorded in the same manner as for clustersof type 0. By de f in i t i on , the constituted f ibre s andbundles of compact matrices cannot be separatelymeasured; there fore , no separate tabulation of com-ponent f ibres or bundles can be made.
C.4.8 Procedure) for recording of par t ia l lyobscured fibre* and bundle*
The proportion of the l ength of a f ibre or bundle thatis obscured fay other p a r t j c u l a t e s shad be used as thebasis for determining whether a f i b r e or bundle is tobe recorded as a separate component or is to beconsidered as a part of a matrix of type C or part ofa matrix residual. If the obscured length could notpoeeibry bo more than one-third of the total length,the f i br e or bundle shall be considered a prominentfeature to be separately recorded. The assignedlength for each such p a r t i a l l y obscured f i b r e or bundleshan be equal to the visible length plus the maximumpos s i b l e contribution from the obscured portion. Fi-bres or bundles which appear to cross the matrix, endfor which both ends can be located approx imat e ly ,shall be included in the maximum of S and recordedaccording to the counting criteria as separate f i br e sor bundles. If the obscured length could be more thanone third of the total length, the f ibre or bundle shall

be considered as a part of a compact matrix of typeC or part of a matrix residual.
C.5 Special consideration* for countingof PCM equivalent structure*
Use 3/1 as the minimum aspect ratio for counting ofPCM equivalent structures. Thi s aspect ratio d e f in i t i onis required in order to achieve comparabili ty of theresults for this site range of structure with historicaloptical measurements, but use of this aspect ratiode f in i t i on does not s igni f i cant ly a f f e c t the abili ty tointerpret the whole fibre size distribution in terms ofa minimum 5/1 aspect ratio. Some app l i ca t i on s mayrequire that a count be made of PCM equivalentstructures only. The coding system permits discrimi-nation between PCM equivalent structures that con-tain f ibres and bundles longer than 5 pm and thosethat do not
NOTE 16 In general, clusters and matrices will yieldfewer components as the minimum dimensions specif iedfor countable f ibres are increased. Thus , K may be foundtint a particular structure yields a higher number of com-ponent fibres and bundles in a count for all f ibre sizes thanit does at a reduced magnification when only f ibre s andbundles longer than 5 i»m are fee ing counted. However, therequirement that component fibres and bundles be recordedin decreasing length order ensures that the data are con-sistent for a particular structure, regardless of the size cat-egory of fibres being counted and the magnification in use.
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Annex 0(normative)
Rbre I d e n t i f i c a t i o n procedure

D.I G«n*r»!
The criteria -used for ident i f i ca t ion of asbestos f ibresmay be selected depending on the intended use ofthe measurements. In some circumstances, there canbe a requirement that f ibres shall be unequivocallyi d e n t i f i e d as a spec i f i c mineral species. In other cir-cumstances, there can be s u f f i c i e n t knowledge aboutthe sample, so that rigorous identi f icat ion of each fi-bre need not be carried out. The time required toper form the analysis, and therefore the cost of analy-sis, can vary widely depending on the ident i f i cat ioncriteria considered which are to be s u f f i c i e n t l y de f ini-tive. The combination of criteria considered de f ini t ivefor i d en t i f i ca t i on of f ibre s in a particular analysis shadbe spe c i f i ed before the analysis is made, and thiscombination of criteria shall be referred to as the"level" of analysis. Various factors related to instru-mental l imitat ions and the character of the samplemay prevent sa t i s f a c t i on of all of the spec i f i ed f ibrei d e n t i f i c a t i o n criteria for a part icular fibre. There fore ,a record shall be made of the i d e n t i f i c a t i o n criteriawhich were sa t i s f i ed for each suspected asbestos fi-bre included in the analysis. For example , if both EDand EOXA were speci f i ed to be at t empted for def ini-tive ident i f i ca t i on of each f ibre, f i bre s with chrysotilemorphology which, for some reason, do not give anED pattern but which do yield an EOXA spectrumcorresponding to chrysotile, are categorized in a waywhich conveys the level of conf idence to be placed inthe ident i f i ca t ion.
D.2 ED and EOXA technique*
D.2.1 General
Initially, f ibres are c las s i f i ed into two categories on thebasis of morphology: those f i br e s with tubularmorphology, and those f ibre s without tubularmorphology. Further analysis of each fibre is con-ducted using ED and EDXA methods. The f o l l o w i n gprocedures should be used when f ibre s are examinedby ED and EDXA.
The crystal structures of some mineral fibres, such aschrysotile. are easi ly damaged by the high currentdensi t ie s required for f DXA examination. There f or e ,

investigation of these sensitive f ibre s by ED shouldbe completed before at t empts are made to obtainEDXA spectra from the fibres. When more stable fi-bres, such as the amphiboles. are examined. EDXAand ED may be used in either order.
D.2.2 ED technique*
The ED technique can be either qualitative or quanti-tative. Qualitative ED consists of visual examination,without detailed measurement of the general char-acteristics of the ED pattern obtained on the TEMviewing screen from a randomly oriented f i br e . EDpatterns obtained from f ibred with cylindrical symme-try, such as chrysotile. do not change when the f ibre sare t i l t ed about their axes, and patterns from randomlyoriented f i b r e s of these minerals can be interpretedquantitatively. For f i br e s which do not have cylindricalsymmetry, only those ED patterns obtained when thef i bre is oriented with a principal c ry s ta l l ographi c axisdosety paral l e l with the incident electron beam direc-tion can be interpreted quantitatively. Thi s type of EDpattern shad be referred to as a "zone-axis EDpattern". In order to interpret a zone-axis ED patternquantitatively, it shall be recorded p h o t o g r a p h i c a l l yand its consistency with known mineral structuresshall be checked. A computer program may be usedto compare measurements of the zone-axis ED pat*tern with corresponding data calculated f rom known-mineral etructunee. The ior>o-»xis ED pattern obtainedby examination of a f i br e in a part i cu lar orientation canbe i n s u f f i c i e n t l y spec i f i c to permit unequivocal iden-t i f i ca t ion of the mineral ftore. but is is o f t e n pos s ib leto tilt the f ibre to another angle and to record a dif-ferent ED pattern corresponding to another zone-axis.The angle between the two zone-exes can also bechecked for consistency with the structure of a sus-pected mineral.
For visual examination of the ED pattern, the cameralength of the TEM should be set to a low value ofapprox imat e ly 260 mm and the ED pattern shouldthen be viewed through the binoculars. This proce-dure minimizes the possible degradation of the f ibreby the electron irradiation. However, the pat t ern isdistorted by the titt angle of the viewing screen. Acamera length of at least 2 m should be used when
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the ED pattern is recorded, if accurate measurementof the pattern is to be po s s ib l e , it is necessary that,when obtaining an ED pattern to be evaluated visual*/or to be recorded, the sample height shod be properlyadjus ted to the eucentric point and the image shall befocussed in the plane of the selected area aperture.If this is not done, there may be some componentsof the ED pattern which do not originate f rom theselected area. In general, it wilt be necessary to usethe smallest available ED aperture.
For accurate measurements of the ED pattern, aninternal calibration standard shall be used. A thincoating of gold, or another suitable calibration mate-rial, shall be appl i ed to the underside of the TEMspecimen. T h i s coating may be app l i ed either by vac-uum evaporation or, more conveniently, by sputtering.The porycrys ta l l ine gold f i l m y i e l d s d i f f r a c t i o n rings onevery ED pattern end these rings provide the requiredcalibration information.

To f orm an ED pattern, move the image of the f ibreto the centre of the viewing screen, adjus t the heightof the specimen to the eucentric position, and inserta sui table selected area aperture into the electronbeam so that the f i b r e , or a portion of it occupies alarge proport ion of the i l luminated area. The'size ofthe apenure and the portion of the f i b r e staff be suchthat particles other than the one to be examined areexcluded from the selected area. Observe the EDpattern through the binoculars. During the observa-tion, the objective lens current should be ad ju s t ed tothe point where the most complete ED pattern is ob-tained. If an incomplete ED pattern is still obtained,move the part i c l e aroJnd within the selected area toat tempt to optimize the ED pattern, or to eliminatepos s i b l e interferences from neighbouring particles.
If a zone-axis ED analysis is to be attempted on thef ibre, the sample shall be mounted in the appropriateholder. The most convenient holder allows completerotation of the specimen grid and t i l t ing of the gridabout a s ingle axis. Rotate the sample until the f i br eimage indicates that the f i br e is oriented with itslength coincident with the tilt axis Of the goniometer,and ad ju s t the sample height until the f i br e is at theeucentric position. Tilt the f ibre until an ED appearswhich is a symmetrical two dimensional array of .spots. The recognition of zone-axis alignment condi-tions requires some experience on the part of theoperator. During t i l t ing of the f ibre to obtain zone-axisconditions, the manner in which the intensities of thespots vary should be observed. If weak reflect ions

occur at some points on a matrix of strong re f l e c t ions ,the poss ibil i ty of twinning or mul t ip l e d i f f r a c t i o n ex-ists, and some caution should be exercised in the se-lection cf d i f f r a c t i o n spots for measurement andinterpretation. A full discussion of electron d i f f r a c t i o nand mul t ip l e d i f f r a c t i o n can be found in the referencesby JA Card t"J P.8. Hrrsch et * /[i« l and H.R. Wenck1*3 included in annex J. Not all zone-axis patternswhich can be obtained are d e f in i t i v e . Only thosewhich have closely spaced reflection* eorretpondmgto low indices in at least one direction should be re-corded. Patterns in which all d-spacings are less thanabout 0,3 nm are not definitive. A use ful guideline isthat the lowest angle ref lect ions should be within theradius of the f ir s t gold d i f f r a c t i o n ring ( 1 1 1 ) , and thatpatterns with smaller distances between re f l e c t ionsare usually the most definitive.
Five spots, closest to the centre spot along twointersecting tines of the zone-axis pattern shall be se-lected for measurement, as shown in f igure D.1. Thedistances of these apeta from the centre spot and thefour angles shown provide the required data for anal-ysis. Since the centre spot is usually very overex-posed, ft does not provide * we l l-de f ined origin forthese measurements. The required distances shallthere fore be o&tained by measuring between pairs ofspots symmetrically disposed about the centre spot,p r e f e r a b l y separated by several repeat distances. Thedistances shall be measured with a precision of betterthan 0,3 mm. and the angles to a precision of betterthan 2.5*. The diameter of the f irs t or second ring ofthe calibration pattern (111 end 200) shall also bemeasured with e precision ol better than 0,3 mm.
Using goto as the calibration material, the radius-based camera constant is given by

at • 0.117 740 mnvnm (first ring)
it» 0.101 970 mrn-nm (second ring)

OJt3 EDXA measurements)
Interpretat ion of the EDXA spectrum may be eitherqualitative or quantitative. For qualitative interpretat ionof a spectrum, the X-ray peaks originating f rom theelements in the f ibre are recorded. For quantitativeinterpretation, the net peak areas, a f t e r backgroundsubtraction, are obtained for the X-ray peaks originat-ing from the elements in the fibre. This method pro-vides quantitative interpretation for those mineralswhich contain silicon.
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2 Normative) r*f*r*ncM
The f o l l o w i n g s tandards contain provisions which,through reference in this text, constitute provisionsof this International Standard. At the time of publica-tion, the editions indicated were valid. All standardsare subject to revision, and parties to agreementsbested on this Interna t i ona l Standard are encouragedto investigate the p o s s i b i l i t y of a p p l y i n g the most re-cent edi t ions of the standards indicated below.Members of IEC and ISO maintain registers of cur-rently valid Internat ional Standards .

ISO 4225:1994. Air quality — General aspects — Vocsbulary.
ISO 4226:1993. Air quality — Genera/ aspects —Units of measurement
ISO Standard Handbook No. 2:1993, Quantities andunits.
ISO Standard Handbook No. 3:1989, Statistical Metr>ods.

3 Definition*
For the purposes of this Internat ional Standard , thef o l l o w i n g d e f i n i t i o n s a p p l y (see also ISO 4225).
3.1 a eJeu lan The shape of an extremely slender
crystal with cross-saetional dimensions which aresmall relative to its length, i.e. needle-like.f , '
3.2 amphibole: A group of rock-formingf erromagnes ium si l icate minerals, closely related incrystal f o r m and composition, with the nominal for-mula:

A 0 o r , B 8 C s T t O a { O H . F . C l ) j
where

A - 1C N»
B - Fe**. Mn, Mg, Ca. Na
C - Al. Cr. Ti, Fe3*. Mg. rV*
T - Si, AI. Cr. Fe3*. Ti

In some varieties of amphibole , these elements canbe p a r t i a l l y substituted by Li. Pb or Zn. Amphibo l e ischaracterized by a cross-linked double chain of SK)tetrahedra with a siliconroxygen ratio of 4:11, by co-lumnar or f i b rou s orismattc crystals and by goodprismatic cleavage in two directions p a r a l l e l to the

crystal faces and intersecting at angles of about 56*and 124 ' .
3.3 amphtbot*asbestrform habit **b*«tos: Amphibo l e in an

3.4 analytical censHMty: The calculated airborneasbestos structure concentration in asbestoss tructures/ l i tre , equivalent to counting of oneasbestos structure in the analysis. The method in thisInternational Standard does not s p e c i f y an analyticalsensitivity.
3.6 aabestiform: A s p e c i f i c type of mineral f i b r o s i t yin which the f i br e s and f i b r i l s possess high tensilestrength and f l e x i b i l i t y .
3.8 asbestos: A term a p p l i e d to a group of s i l icateminerals belonging to the serpentine and amphibo l egroups which have crystallized in the a s b e s t i f o rmhabit, causing them to be easi ly separated into long,thin, strong f i b r e s when crushed or processed- TheChemical Abstracts Service Registry Numbers of themost common asbestos varieties are: chrysotile{12001-29-5}. crocidolite (12001-28-4). gruneriteasbestos (amosite) (12172-73-5). a n t h o p h y l l i t easbestos (77536-67-5). tremotite asbestos(7T53&-6&6) and act inol i te asbestos (7753^66-4).
3.7 tsbesto* structure: A term a p p l i e d to any con-nected or o v e r l a p p i n g g r o u p i n g of asbestos f i br e s orbundles, with or without other panicles.
3.9 expect ratio: The ratio of l ength to width of apanicle.
3.9 blank: A structure count made on TEM speci-mens prepared f rom an unused filter, to determinethe background measurement
3.10 earner* length: The equivalent pro j e c t i onlength between the specimen and its electron d i f -fraction pattern, in the absence of lens action.

chnrMtHe: A f ibrous mineral of the serpentinegroup which has the nominal composition

Most natural chrysolite deviates little f rom this nomi-nal composition. In some varieties of ehrysotito. minorSubst i tu t ion of silicon by Al3* may occur. Minor sub-stitution of magnesium by AP*. Fe2*. Fe3*. Nia*.Mn** and Co2* may also be present Chrysot i l e is themost prevalent type of asbestos.
3.12 cleavage: The breaking of a mineral along oneof its e ry s ta i l ographi c directions.
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3.13 cleavage fragment A fragment of a crystalth*t is bounded by cleavage faces.
3.14 clutter. A structure in which two or more fi-bres, or f ibre bundles, are randomly oriented in aconnected grouping.
3.15 d-spaclng: The distance between identical ad-jacent-and paral l e l p lane s of atoms in a crystal.
3.16 electron d i f f ra c t i on: A technique in electronmicroscopy by which the crystal structure of a speci-men is examined.
3.17 electron scattering power. The extent towhich a thin layer of substance scatters electronsfrom their original directions.
3.1t energy dispersive X-ray analysis; Measure-mem of the energies and intensities of X-rays by useof a solid state detector and multichannel analysersystem.
3.19 eticentric: The condition when the area of in-terest of an object is p la c ed on a tilting axis at theintersection of the electron beam with that axis andis in the plane of focus.
3.20 f i e l d f e t e n f e : A f i l l e r cassette which has fcxwmtaken to the s a m p l i n g she, opened, and then closed.Such a filter is used to determine the backgroundstructure count for the measurement.
3.71 fibri l: A s ingle f i br e of asbestos, which cannotbe fur th er separated l o n g i t u d i n a l l y into smaller com-ponents without losing its f ibrous properties or ap-pearances.
3.22 fibre: An elongated particle which has paral l e lor s t epped sides. For the purposes of this Interna-tional S t a n d a r d , a f i b r e is de f ined to have an aspectratio equal to or greater than 5:1 and a minimuml ength of 0.5 pm.
3.23 fibre bundle: A structure composed of p a r a l l e l ,smaller diameter f ibre s attached along their lengths.A fibre bundle may exhibit diverging f i b r e s at one orboth ends.
3.24 fibrous structure: A fibre, or connectedgroup ing of f i b r e s , with or without other particles.
&2S habit: The characteristic crystal growth form,(or combination of these forms), of a mineral, includ-
ing characteristic irregularities.
3.26 Hmrt of detection: The calculated airborneasbestos structure concentration in structures per fr-

tre, equivalent to counting 2,99 asbestos structures inthe analysis.
3J7 matrix A structure 'm which one or more fi-bres, or f i b r e bundles , touch, are attached to, or par-tially concealed by. • single particle or connectedgroup of nonfibrou* particles.
3.2* Milter index: A set of either three or four inte-ger numbers used to s p e c i f y the orientation of acrystallographic Plane in relation to the crystal axes.
3.29 PCM equivalent fibre: A f ibr e of aspect ratiogreater than or equal to 3:1. longer than 5 \im, andwhich has a diameter between 0.2 |im and 3.0 jim.
3.30 PCM equivalent structure: A fibrous structureof aspect ratio greater than or equal to 3:1. longerthan 5 p m , and which has • diameter between0.2 »m and 3,0 um.
3.31 primary structure: A f ibrous structure that isa separate entity in the T£M image./

repBeatton: A procedure in electronmicroscopy specimen preparation in which a thincopy, or replica, of a surface is made.
3.33 selected are* electron d i f f r a c t i o n : A tech-nique in electron microscopy in which the crystalstructure of a small area of a sample is examined.
3.34 serpentine*. A group of common rock-formingminerals having the nominal f o r m u l a

3.35 structure: A single f ibre , f i b r e bundle, clusteror matrix.
3.39 twinning; The occurrence of crystals of thesame species joined together at a part i cu lar mutualorientation, such that the relative orientations are re-lated by • d e f i n i t e tow.
3.37 unopened fibre: An asbestos f i b r e bundle oflarge diameter which has not been separated into itsconstituent f i b r i l s or fibres.
3.38 tone-axis: The line or crys ta l lographic directionthrough the centre of a crystal which is p a r a l l e l to theintersection edges of the crystal face s d e f i n i n g thecrystal zone.
4 Principle)

•
A sample of airborne paniculate is collected by draw-ing a measured volume of air through either a
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capi l lary-pore polycarbonate membrane fitter of maxi-mum pore size 0.4 jim or a c e l lu lo s e ester (eithermixed esters of cel lulose or ce l lu lo s e nitrate) mem-brane f i t t e r of maximum pore size 0.45 (un by mean*of a battery-powered or mains-powered pump. TEMspecimens are prepared from polycarbonate f i l t e r s bya p p l y i n g a thin f i l m of carbon to the filter surface byvacuum evaporation. Smal l areas are cut f rom thecarbon-coated f i l t e r , supported on TEM specimengrids, ana the filter medium is dissolved away by •solvent extraction procedure. This procedure leaves athin filnrt of carbon which bridges the openings in theTEM specimen grid, and which suppor t s each particlef rom the original f i l t e r In its original position. Cel lu lo s eester f i l t e r s are chemically treated to co l lapse the porestructure of the filter, and the surface of the collapsedfilter is then etched in an oxygen plasma to ensurethat all part ic le s are exposed. A thin f i l m of carbon isevaporated onto the filter surface and small areas arecut f rom the f i l t e r . Thes e sections are supported onTEM specimen grids and the filter medium is dis-solved away by a solvent extraction procedure.
The TEM specimen grids f r o m either preparationmethod are examined at both low and high magni-f i c a t i on s to check that they are suitable for analysisbefore carrying out a quantitative structure count onrandomly-selected grid openings. In the TEM analysis,electron d i f f r a c t i o n (ED) is used to examine the crystalstructure of a f i br e , and its elemental composition isdetermined by energy dispersive X-ray analysis(EDXA). For a number of reasons, it is not po s s ib l e to
i d e n t i f y each f i b r e unequivocally, and f ibre s are clas-s i f i ed according to the techniques which have beenused to i d e n t i f y them. A s impl e code is used to re-cord, for each f i b r e , the manner in which it was clas-s i f i ed. The f i b r e c la s s i f i ca t ion procedure is based onsuccessive inspection of the morphology, the electrond i f f r a c t i o n pattern for a selected aree. and the qual-itative and quantitative energy dispersive X-ray ana-lyses. C o n f i r m a t i o n of the ident i f i ca t ion of chrysoliteis done only by quantitative ED, and confirmation ofamphibole is done only by quantitative EDXA andquantitative zone axis ED.

In addi t ion to isolated f ibre s , ambient air samples of-ten contain more complex aggregates of f ibre s , withor without other partic le s . Some particles are com-posites of asbestos f ibres with other materials. Indi-vidual f i br e s and structures that are more complex arere f erred to as "asbestos s t r u c t u r e s ' . A coding systemis used to record the type of f ibrous structure, and toprovide the opt imum description of each of thesecomplex structures. The two codes remove the re-quirement to interpret the structure counting dataf r o m the microscopist and allow this evaluation to bemade later without the requirement for re-

examination of the TEM specimens. Several levels ofanalysis ere sp e c i f i ed , the higher levels providing amore rigorous approach to the ident i f i cat ion of fibres.The procedure permits a minimum required f ibrei d en t i f i ca t i on criterion to be def ined on the basis ofprevious knowledge, or tack of it about the particularsample. A t t e m p t s are then made to achieve this min-imum criterion for each fibre, and the degree of suc-cess is recorded for each fibre. The lengths andwidths of all c l a s s i f i e d structures and f ibre s are re-corded. The number of asbestos structures f ound ona known area of the microscope sample, togetherwith the equivalent volume of air f i l t e r e d through thisarea, is used to calculate the airborne concentrationin asbestos structures/l i tre of air.
5 Symbol* of units and abbreviation*
$.1 Symbol* of untta (see also ISO 4226 andISO No. 2}
eV » electron volt
kV * kilovott
l / m i n » litres per minute
ug » mtcrogram (10~* gram)
jim « micrometre (10~* metre)
nm * nanometre 00-' metre)
W -watt
5.2 Abbreviation*
DMF Oimethylformamide
DE Electron d i f f r a c t i o n
EDXA Energy dispersive X-ray analysis
FWHM Full width, ha l f maximum
HEPA H i g h e f f i c i en cy panicle absolute
MEC Mixed esters of ce l lulose
PC Polycarbonate
PCM Phase contrast optical microscopy
SAED Selec ted area electron d i f f r a c t i o n
SEM Scanning electron microscope
STEM Scanning transmission electron microscope
TEM Transmission electron microscope
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UICC Union Internationale Centre te Cancer
6 Raagants
During the analysis, unless otherwise stated, use onlyreagents of recognized analytical grade and water(6.1).
WARNING — Use the magenta in accordant* w f t hthe appropriate health and sa f e ty regulations.
6.1 water, fibre-free.
A suppV of f r e s h l y d i s t i l l ed , f i bre- free water, or an-other source of f i bre- fre e , pyrogen-free water shall beused.
$.2 Chlorofonn, analytical grade, di s t i l l ed in glass,preserved with 1 % <v/V) ethano).
&3 1-MethyW-pyrrolWone.
$.4 Dlmethyffonnemkle .
€3 Glacial acetic add.
6.6 Acetone.
7 Apparatu s
7.1 Air sampling — Equipment andconcumable supp l i e s

*7.1.1 Hlt e r cassette
Held monitors, comprising 25 mm to 50 mm diam-eter three-piece cassettes, with cowls which projectless than 2 cm in from of the f i l t e r surface shall beused for sample collection. The cassette shall beloaded with either a capi l lary pore polycarbonate f i l t e rof maximum pore size 0,4 j»m or an MEC or cellulosenitrate f i t t e r of maximum pore size 0,45 jim. Eithertype Of filter shall be backed by a Stum pore'size MECor cel lulose nitrate filter, and supported by a cel luloseback-up pad. When the f i l t e r s are in position, an elas-tic c e l lu lo s e band or adhesive tape shall be a p p l i e d toprevent air leakage. S u i t a b l e precautions shaH betaken to ensure that the f i l t e r s are t i g h t l y clamped inthe assembly, so that significant air leakage aroundthe f i l t e r cannot occur.

Representative f i l t e r s f rom the filter tot shall be ana-lysed as spec i f i ed in 9.7 for the presence of asbestosstructures before any are used for air sample col-lection.

7.1.2 Sampl ing pump
The sampling pump shall be capable of a flow-ratesu f f i c i ent to achieve the desired analytical sensitivity.The face velocity through the f i l t e r shall be between4,0 cm/s and 25,0 crn/s. The sampling p u m p usedshall provide a non-fluctuating a ir f low through the f i l -ter, and shall maintain the initial volume f low-rate towithin ± 10 % throughout the sampl ing period. Aconstant f l o w or critical or i f i c e controlled pump meetsthese requirements. F l e x i b l e tubing snail be used toconnect the filter cassette to the sampl ing pump. Ameans for calibration of the f low-rate of each pump isalso required.
7.1.3 Stand
A stand shall be used to hold the filter cassene at thedesired height for sampling, and shall be isolated f romthe vibrations of the pump (7.1.2).
7.1.4 Variable are* llewmeter/A calibrated variable are a f f o w m e t e r with a range ofapprox imate ly 1 l /min to 10 l / m i n is required for cali-bration of the air sampl ing system.
Tha variable area f lowmeter sha l l be cleaned be foreuse to avoid transfer of asbestos contamination fromthe f towmeter to the sample being col lec ted.
7.2 Specimen preparation laboratory
Asbestos, par t i cu lar ly chrysotile, is present in varyingquantities in many laboratory reagents. Many b u i l d i n gmaterials also contain s ignif icant amounts of asbestosor other mineral f ibre s which may int er f ere with theanalysis if they are inadvertently introduced duringpreparation of specimens. It is most important to co-sure that, during preparation, contamination of TEMspecimens by any extraneous asbestos f i b r e s is min-imized. All specimen preparation s t eps shal l there forebe performed in an environment where contaminationof the sample is minimized. The primary requirementof the sample preparation laboratory is that a b f a n kdetermination shall yield a result which will meet therequirements spec i f i ed in 9.7. A minimum f a c i l i t yconsidered suitable for preparation of TEM specimensis a laminar f l o w hood with positive pressure. How-ever, it has been es tabl i shed that work practices inspecimen preparation appear to be more importentthan the tape of clean handling f a c i l i t i e s in use. Prep-aration of samples shall be carried out only a f t e r ac-ceptable blank values have been demonstrated.

NOTE 1 ft is recommended that activities involving rrwreputation of bulk »st*stos temples not b» performed in the
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same ar»a ** TEM specimen preparation, because of thep o s s f c i f i t i e s of contaminating the TEM specimens.
13 Equipment for maty*!*
7J.I Transmission election in too i cop j
A TEM operat ing at an accelerating potential of
80 kV to 1 2 0 l c V . with a resolution bettar than7,0 nm, and a magni f i ca t ion range of approximateVx 300 to x 100 000 shall be used. The ab i l i ty to obtaina direct screen magni f i ca t i on of about x 100 000 is

necessary for inspection of f ibre morphology; thismagnification may be obtained by suppl ementary op-tical enlargement of the screen image by use of abinocular if it cannot be obtained directly. It is alsorequired that the viewing screen of trie microscopebe calibrated such that the lengths and widths of f ibreimages down to 1 mm width can be measured in in-crements of 1 mm, regardless of image orientation.Thic requirement it o f t e n fulfilled through the us« ofa f luorescent screen with caKbrated gradations in theform of circles, as shown in f igure 1.

Figure 1 — Example of calibration markings on TEM viewing screen
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For Bragg angles less than 0,01 rad. the TEM shall becapable of performing ED from an area of 0.6 jim* orless, selected from an in-foeus image at a screenmagnif i cat ion of x 20 000. This performance require*ment d e f in e s the minimum separation between parti*etea at which independent ED patterns can beobtained from each particle. If SAED is used, theperformance of a particular instrument may normalrybe calculated using the f o l l o w i n g equation
A » 0.785 4 x . + 2 OOOC/J

where
A

P

M

is the e f f e c t i v e SAED area, in squaremicrometres;
is the diameter, in micrometres, of theSAED aperture:
is the magnif icat ion of the objective lens;
is the spherical aberration coe f f i c i ent inmillimetres , of the objective lens:
is the maximum required Bragg angle, inradians.

It ie not possible to reduce the e f f e c t i v e SAED areai n d e f i n i t e l y by the use of progressively smaller SAEDapertures, because there is a fundamental limitationimposed by the spherical aberration coe f f i c i en t of theobjective tens.
If zone-axis ED analyses are to be performed, theTEM shall incorporate a goniometer stage which per-mits the TEM specimen to be either
a) rotated through 360*, combined with t i l t ingthrough at least + 30* to - 30* about an axis inthe plane of the specimen:
b) t i l ted through at feast + 30* to - 30* about twoperpendicular axes in the plane of the specimen.
The analysis is greatly faci l i tated if the goniometerpermits eucentric t i l t i n g , a l though thte to not eaaential.If EDXA and zone-axis ED are required on the samefibre, the goniometer shall be of a type which permitst i l t i n g of the specimen and acquisition of EDXA spec-tra without changing the specimen holder.
The TEM shall have an illumination and condenserlens system capable of forming an electron probe ofdiameter less than 250 nm.
NOTE 2 Use of an antf«ontamination trap around thespecimen is recommended if the required instrumentalperformance »to be obtained.

7«3<2 Energy dteperwve X-fay enafyse f
The TEM shan be equipped w f t h an energy dispersiveX-ray analyser capable of achieving a resolution betterthan 180 eV (FWHM) on the MnKa. Since the per-formance of individual eombrnationc of TEM andEDXA equipment is dependent on a number of ge-ometrical factors, the required performance of thecombination of the TEM and X-ray analyser is speci-f i ed in terms of the measured X-ray intensity obtainedfrom a f ibre of small diameter, using a known electronbeam diameter. Solid state X-ray detectors are least• sensitive in the low energy region, and so measure-ment of sodium in crocidolite shall be the perform-ance criterion. The combination of electronmicroscope and X-ray analyser shall yield, under rou-tine analytical conditions, a background-subtractedNaKa integrated peak count rate of more than 1 countper second (cos) from a f ibre of UICC croeidolite.50 nm in diameter or smaller, when irradiated by anelectron probe of 250 nm diameter or smaller at anaccelerating potential of 80 kV. The peak/backgroundratio for this performance test shall exceed 1,0.

The EDXA unit shall provide the means for subtractionof the background, identi f i cat ion of elemental peaks,and calculation of background-subtracted peak areas.
13.3 Computer
Many repetitive numerical calculations are necessary,and these may be performed conveniently by rela-tively simple computer programmes. For analyses ofzone-axis ED pattern measurements, a computer withadequate memory is required to accommodate themore complex programmes involved.
7.3.4 Ptaamaaat t er . . ,-
For preparation of TEM specimens from MEC f i l t e r s ,a plasma aaher, with a radio frequency power ratingof SO W or higher, shad be used to etch the surfaceof col lapsed MEC fi t t er s . The asher shan be supp l i edwith a controlled oxygen f l ow, and shall be modi f i ed ,if necessary, to provide a vafve to control the s p e ed .of air admission so that rapid air admission does notdisturb partic ipates f rom the surface of the filter a f t e rThe etching step.
NOTE 3 Kb recommended that f i t t e r s be fined to theoxygen supply and the air admission fine.
73.5 Vacuum coating unit
A vacuum coating unit capable of producing a vacuumbetter than 0,013 Pa shall be used for vacuum de-position of carbon on the membrane f i l t e r s . A sample
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holder is required which will allow • glass microscopes l i d e to be continuously rotated during the coatingprocedure.
N O T E 4 -A mechanism which afeo (Row* th« rotatinQsWe to be tin»d through an angle of approximately 45*during the coating procedure is recommended. A liquid ni-trogen cold trap above the d i f f u s i o n pump may be used tominimize the pos s ib i l i ty of contamination of the f i l t e r sur-faces by oil f c o m the pumping system. The vacuum coatingunit may also be used for deposition of tha thin f i l m of gold,or other calibration material, when it is required on TIMspecimens as an internal calibration of ED patterns.
74.6 S p u t t e r eeater
A sputter coater with a gold target may be used fordeposition of gold onto TEM specimens as an integralcalibration of EO patterns. Other calibration materialsare acceptable. Experience has shown that a sputtercoater allows better control of the thickness of thecalibration material.
74.7 Solvent washer Uaffe washer)
The purpose of the Jaffe washer 5$ to allow dissol-ution of the f i l t e r polymer while leaving an intactevaporated carbon f i l m s u p p o r t i n g the f i bre s andother particles from the f i l t e r surface. One design of

a washer which has been found satis factory for vari-ous solvents and f i t t e r media is shown in f igur e 2. Ingeneral, either chloroform or 1*methyl-2-pyrrolidonehas been used for dissolving polycarbonate f i l t e r s anddimethyrfom-iamide or acetone has been used fordisserving MEC or cellulose nitrate f i l t er s . The higherevaporation rates of chloroform and acetone requirethat a reservoir of 10 ml to 50 ml of solvent be used,which may need replenishment during the procedure.Dimetnyrformamide and 1-methyKZ-pyrroiidone havelower vapour pressures and much smaller volumesof solvent may be used. It is recommended that allwashers be used in a fume hood, and when speci-mens ere not being inserted or removed, the Petridish (id shall be in place during the solvent dissolution.The washer shall be cleaned before ft is used for eachbatch of specimens.
74J Condensation washer
For more rapid dissolution of the f i l t e r polymer, or ifd i f f i c u l t i e s are experienced in dissolving the f i l t e rporymer, use a condensation washer, consisting of af l a s k , condenser and cold f inger assembly, with aheating mantle and means for c on tro l l ing the temper-ature. A suitable assembly is shown in f i g u r e s , usingeither acetone or chloroform as the solvent depend-ing on the type of f i l t er .

Oimonsiont *m

Stainlew «tnt m*t»bridg* (50 triMh)

NOTE — Solvent is added uma the meniscus contacts the underside of the stainless steel mesh bridge.
Figure 2 — Example of design of solvent washer g a f f e washer)
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Ttormortrtieal V controlled(Mning mantle

f i gur e 9 — Example of design of condensation washer
7.3.9 S l i d e warmer or ovtn
Use either a slide warmer or an oven for heatings l ide s during The preparation of TEM specimens fromMEC or c e l l u l o s e / t i t r a t e f i l t e r s . It is required to main-tain a temperature of 65 *C to 70 *C.
7J.10 Ultrasonic bath
An ultrasonic bath is necessary for cleaning the appa-ratus used for TEM specimen preparation.
7J.11 Carbon graf t ing repttea
A carbon grating replica with about 2 000 paral l e l Bnesper mil l imetre shall be used to calibrate the magni-f i cat ion of the TEM.
74.12 Calibration specimen or fd s for EDXA
TEM specimen ends prepared from dispersions ofcalibration minerals are required for calibration of theEDXA system. Some suitable calibration minerals areriebeckite. chrysolite, halloysi te , phlogopi t e . woUas-t o n f t e and bustamrte. The mineral used for calibration

of the EDXA system for sodium shal l be preparedusing a gold TEM grid.
7.3.13 Carbon rod sharpener
The use of necked carbon rods, or equivalent allowsthe carbon to be evaporated onto the f i t t e r s with aminimum of heating.
7J.14 Disposoble t ip n t f c f v p t p e t t e s
A disposable tip micropipette. capable of transferringa volume of approx imate ly 30 ill. is necessary for thepreparation of TEM specimen grids f rom MEC f i l t e r s .
7.4 Con*umeble suppl ie s
7.4.1 Copper election microscope gride
Copper TEM grids with 200 mesh ere recommended.Grids which have grid openings of uniform size suchthat they meet the requirement sp e c i f i ed in 9.6.2 shallbe chosen. To f a c i l i t a t e the relocation of individual gridopenings for quality assurance purposes, the use ofgrids with numerical or alphabet i cal indexing of indi-vidual grid openings is recommended.
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7.4£ Gold electron microscope grfcfc
Gold TEM grids with 200 mesh ere recommended tomount TEW specimens when sodium measurementsare required in the f ibre ident i f i cat ion procedure. Gridswhich have grid openings of uniform size such thatthey meet the requirement s p e c i f i e d in 9.6.2 shall bechosen. To f a c i l i t a t e the relocation of individual gridopenings for quality assurance purposes, the use ofgrids with numerical or alphabetical indexing of indi-vidual grid openings is recommended.
7.4.3 Carbon tod electrodes
Spectrochemical ly pure carbon rods, shall be used inthe vacuum evaporator (7.3.5) during carbon coating
of f i t t e r s .
7.4.4 Routine electron microscopy tools endsupplies
Fine-point tweezsre, scalpel holders and blades, mi-croscope slides, double-coated adhesive tape, lenstissue, gold wire, tungs ten f i l a m e n t s and other routines u p p l i e s ere required.
7.4.5 Reference asbestos sample*
Asbestos samples, shall be for preparat ion of refer-ence TEM specimens of the primary asbestos min-erals. The UICC set of minerals is suitable for thispurpose.
8 Air s tmpit collection
The desired analytical sensitivity is a parameter thatshall be e s tabl i shed for the analysis prior to samplecollection. It is def ined as the structure concentrationcorresponding to the detection of one structure in theanalysis. For direct t rans f e r methods of TEM speci-men preparat ion, the analytical sensitivity is a func t ionof the volume of air sampled, the active area of thecollection f i l t e r , and the area of the TEM specimenover which structures are counted. If total airborne •dusi levels are nigh, ft may be necessary 10 terminatesampling before the required volume has been sam-pled. If this happens , the analytical sensitivity requiredcan be achieved only by counting structures on moregrid openings, or by selective concentration ofasbestos structures using en indirect TEM specimenpreparation technique. Select the sampling rate endthe period of sampl ing to yield the required analyticalsensitivity, as de ta i l ed in t a b l e t . Before air samples

•re collected, unused f i l t e r s shall be analysed as de-scribed in 9.7 to determine the mean asbestos struc-ture count for blank f i l t er s .
Air samples shall be collected using f i l t e r cassettes(7.1.1). During sampling, the cassette shall be sup-ported on a sand (7.1.3} which is isolated from thevibrations of the pump (7.1.2). The cassette shall beheld f a c i n g vertically downwards at e height of ap-proximate V 1.5 m to 2,0 m above g r o u n d / f l o o r tevet,and shall be connected to the p u m p with a f l e x i b l etube.
Measure the sampling flow-rate at the front end ofthe cassette, both at the beginning and end of thesampling period, using a calibrated variable areaf iowmeter (7.1.4) temporari ly attached to tne inlet ofthe cassette. The mean value of these two mea-surements shall be used to calculate the total air vol-ume sampled.
Basic strategies for monitoring environmental sourcesof airborne asbestos are described in annex G. A f t e rsampling, a cap shall be placed over the open end ofthe cassette, and the cassette packed with the f i l t e rface-upwards for return to the laboratory. Field blankf i l t e r s shall also be included, as sp e c i f i ed in 9.7, andsubmitted to the remaining analytical proceduresalong with the samples.

N O T E S
S In table 1 a collection fitter area of 3B5 mm* is assumed,and the TEM grid openings are assumed to be 85 ttm*square. The fimit of detection is d f t f i n a o * »* trM npfi*r 9H %confidence limit of the Poisson distribution for a count of0 structures. In trie absence of background, this is equal to2.99 times the analytical sensitivity. Backgrounds that ared i f f e r e n t from 0 observed during analysis of Wank f i l t e r s willdegrade the limit of detection.
6 Tne analytical sensitivity 5. expressed m number orstructures per litre, is calculated using the f o l l o w i n gequation;

where

*
V

is the active area, in square millimetres, ofsample collection f i l t e r;
is the mean area, in square millimetres, of gn'dopenings examined;
is the number of grid openings examined:
is the volume of air sampled, in fares.

10
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Table 1 — Example* of the minimum number of grid openings required to achieve • particular analyticalsensitivity and RmH of detection
Analytical, , _ i»t .̂  .awwuiiuf

structures/I
0.1
02
0.3
0.4
0.5
0.7
1.0
2.0
3.0
4.0
5.0
7.0
10

U m r t o fdetection
structures/I

0.30
0,60
0,90
1.2
1.S
2,1
3.0
6.0
9.0
12
I S
21
30

500
1066
533
3S6
267
214
1S3
107
54
36
27
22
16
11

1000
533
267
178
134
107
77
54
27
18
14
11
8
6

Volume ef air
2000
267
134
89
67
64
39
27
14
8
7
6

. 4
4

Mcnc4ed (litres]
3000
178
89
60
45
36
26
18
9
6
5
4
4
4

4000
134
67
45
34
27
20
14
7
5
4
4
4

t ' 4

5000
107
54
36
27
22
16
11
6
4
4
4
A
4

9 Procedure for analysis
3.1 General
The techniques used to prepare TEM specimens ared i f f e r e n t for polycarbonate and cellulose ester f i l ters .The preparation method to be used shall be either 9.3or 9.4, depending on the type of membrane f i t t e r usedfor air sampling. Cleaning of the sample cassettesbefore they are qpened, preparation of the carbonevaporator, criteria for acceptable specimen grids, andthe requirement for blank determinations are identicalfor the two preparation techniques. TEM examination,structure counting, f ibre ident i f i ca t ion and reportingof results are independent of the type of f i l t e r orpreparation technique used.
The ability to meet the blank sample criteria is de-pendent on the cleanliness of equipment and sup-plies. Consider all supp l i e s such as microscope slidesand glassware as potent ial sources of asbestos con-tamination. It is necessary to wash all glassware be-fore K is used. Wash any tools or glassware whichcome into contact with the air sampling f i t t e r s or TEMspecimen preparations both before use and betweenhandling of individual samples. Where possible,disposable suppl i e s should be used.
9.2 Cleaning of sample cassettes
Asbestos fibres can edher to the exterior surfaces ofair sampl ing cassettes, and these f i b r e s can be inad-

vertently transferred to the sample during handling.To prevent this pos s ib i l i ty of contamination, and a f t e rensuring that the cassette is t i gh t ly sealed, wipe theexterior surfaces of each sampl ing cassette before itis placed in the clean facility or laminar f l o w hood.
9J' Direct preparation of TIM specimensfrom polycarbonate f i t t e r s
94.1 Selection of f i l t e r eree for carbon coating
Use a cleaned microscope slide to support represen-tative portions of polycarbonate f i l t e r during the car-bon evaporation. Double-coated adhesive tape is usedto attach the f i l t e r portions to the glass slide. Takecare not to stretch the poh/carbonate f i l t e r s duringhandling. Using f r e s h l y cleaned tweezers, remove thepolycarbonate f i l t e r from the sampling cassette, andplace it on to a second cleaned glass microscope slidewhich is used as a cutting surface. Using a f r e sh lycleaned curved scalpel blade, cut the f i l t e r by rockingthe blade from the point, pressing it into contact withthe f i l t er . Repeat the process as necessary. Severalsuch portions may be mounted on the same micro-scope slide. The scalpel blade and tweezers shall bewashed and dried between the handl ing of.each f i l t e r .Identify the filter portions by writing on the glass slide,

9.3.2 Carbon coating of f i l t e r portions
Place the glass slide holding the filter portions on therotation-tilting device, approximate ly 10 cm to 12 cm

11
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from the evaporation source, and evacuate theevaporator chamber (7 3.5) to a vacuum better than0,013 Pa. The evaporation of carbon shall be per-formed in very short bursts, separated by a few sec-onds to allow the electrodes to coot, if evaporationof carbon is too rapid, the strips of polycarbonate filterwiH begin to curt, and cross-Jinking of the surface wiHoccur. This cross-linking procedures a layer of polymerwhich r$ re lat ive ly insoluble/ in organic solvents, and itwiH not be possible to prepare satisfactory TEMspecimens. The thickness of carbon required is de-pendent on the size of particles on the filter, and ap-proximately 30 nm to 50 nm has been found to besat i s factory. If the carbon f i l m is too thin, large parti*ctes wfll break out of the f i l m during the later stagesof preparation, and there will be few complete andundamaged grid openings on the specimen. Too thicka carbon f i l m will teed to a TEM image which is lack-ing in contrast and the abili ty to obtain ED patternswill be compromised. The carbon f i l m thicknessshould be the minimum possible, while retaining mostof the grid openings of the TEM specimen intact.
933 Preparation ef the Jeffe washer .
Place several pieces of lens tissue, as shown inf igure 2. on the stainless steel bridge (7.1.3) and fillthe washer (see 7.3.7) with chloroform (6.2) or1-rnetrrvKZ-pyrrolidone (6.3) to a level where themeniscus contacts the underside of the mesh, re-sul t ing in saturation of the lens tissue.

/1 •9.3.4 P t a e f n g of specimens in the Jaffe washer
Using a curved scalpel blade, cut three 3 mm squarepieces of carbon-coated polycarbonate f i l t e r form thecarbon-coated filter portion. Select three squares torepresent the centre and the periphery of the activesurface of the f i l t e r . Place each square of filter, carbonside up. on a TEM specimen grid, and place the gridand filter on the saturated lens tissue in the Jaffewasher. Place the three specimen grids from one'sample on the same piece of tons tissue. Any numberof separate pieces of f en s tissue may be placed in thesame Jaffe washer. Cover the Jaffe washer with thefid. and allow the washer to stand for at least 8 h.
NOTE 7 it has Dean found mat seme porycaf tonate fil-ter* will not completely dissolve in the Jaffe washer, evenaf t e r exposure to chloroform for as tong as 3 d. This prob-lem is more severe if the surface of the fitter was ever-heated during the carbon evaporation, tt has been foundthat the problem of residual urvjissotved fitter porymer canbe overcome in several ways:

a) condensation washing of the grids, using chloroform asthe solvent a f t e r the Initial Jaffe washer treatment, can

oft an remove much of the residual niter medium in aperiod of approximately 30 min. To cany out this pro-cedure, transfer the piece of lens tissue supporting thespecimen grids to the cold f inger of the condensationwasher (7.3.81. whicn has achieved stable operatingconditions. Operate the washer for approximately30 min af t er inserting the grids:
b) used in a Jaffe washer, 1-metrtyW-pyrrolidone has beenfound to be a «twe e f f e c t i v e solvent than chloroformfor polycarbonate f i l ters . This solvent is more e f f e c t i v eif the lens paper is not used and grids are placed di-reedy on the stainless steet 'mash of the Jaffa washer.A dissolution period of 2 h to 6 h has been found to besatisfactory. A f t e r dtesotution is complete, remove thestainless steel mesh from the Jaffe washer and allowthe grids to dry. 1-methvl-2-pyrro1idone evaporates verystowry. If it is required to dry the grids monj rapidly,transfer the stainless steel bridge into another Petridish, antf add water (6.1 > until the meniscus contactsthe underside of the mesh. After approximatelyIS min. remove the mesh and altow the gods to dry. Ifit is desired to retain water-soluble particle species onthe TEM grids, ethanol may be used instead of water(6.1) for the second wash;

c) a mixture of 20 H 1,2-diaminoethane[ethyfenedtamine] end 80% l-methyK-2-pyrrolidone,used in a Jaffa washer, completely dissolvesporyceroonate f i l t e r s in is mm. even if tne surface ofthe f i t t e r has been overheated. To use this solventplace the grids directly on the stainless steel mesh ofthe Jaffe washer, do not use the lens paper. After aperiod of 15 min. transfer the stainless steel bridge intoanother Petri dish, end add water (6.1| until themeniscus contacts the underside of the mesh. Afterapproximates-15 min, remove the mesh and allow thegrids to dry. If ft is desired to retain water-soluble par-ticle species on the TEM grids, ethanol may be usedinstead of water 16.1) for the second wash.
9.3.5 Rapid preparation of TEM specimens fromPC f l t t e r e
TEM specimens can be prepared rapidly from PC fil-ters, if desired, by washing for approx imate ly 1 h in aJaffe washer, fo l lowed by washing for 30 min in a
condensation washer using chloroform ee the solvent.The alternative f i l t e r dissolution procedures describedin note 7 may also be used.
9.4 Direct preparation of TEM spec fmenefrom cellulose ester filter*
9.4.1 Selection ef eree of f i l t e r for preparation
Using clean tweezers, remove the f i l t e r from the f i l t e rcassette, and place it on a cleaned microscope slide.Using a clean, curved scalpel Wade, cut out a portionof the f i t ter.
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9,4.2 Preparation of solution for collapsingcellulose ester fitter*
Mix 35 ml of dirnethyrforrnamide ($.4), and IS ml ofglacial acetic acid (6.5) with SO mi of water (6.1). Storethis mixture in a dean bottle. The mixture is stableand suitable for use for up to 3 months a f t e r prepara-tion.

9-4 J F i l t e r collapsing procedure
Using a micropipet te with a disposable tip (7.3.14).place IS j i l / c m * to 25 p i / cm 2 of the solution preparedin 9.4.2 on a cleaned microscope slide, and using theend of the p i p e t t e tip. spread the liquid over the areato be occupied by the f iner portion. Place the filterportion, active surface upwards, on top of the sol-ution, lowering the edge of the f i t t e r at an angle ofabout 20* $o that air bubbles are not created. Removeany solution not absorbed by the filter by allowing apaper tissue to contact the liquid at the edge of thef i l t e r . More than one filter portion may be placed onone slide. Place the slide either on a thermostaticallycontrolled slide warmer (7.3.9) at a temperature of65 *C to 70 *C, or in an oven (7.3.9) at this temper-ature, for 10 min. The fitter co l lapse s slowly to aboutIS % of its original thickness Th« procedure teavesa thin, transparent polymer f i l m , with panicles and fi-bres embedded in the upper surface.
9.44 Plasma etching of the filter surface
The opt imum conditions and time for plasma etching(see 7.3.4} have been determined experimentally fromthe recovery of f ine chrysotite f i b r i l s on 0,8 iim poresize MEC f i l t e r s . The conditions required in a part icularplasma asher shall be established using the procedures p e c i f i e d in ennax A. Place the microscope slideh o l d i n g the col lapsed filter portions in the ptesmaasher. and etch for the time and under the conditionsdetermined. Take care to ensure that the correctconditions are respected. After etching, admit airslowly to the chamber and remove the microscopeslide.
Adjust the air admission valve of the plasma ashersuch that the time taken for the chamber to reach at-mospheric pressure exceeds 2 min. Rapid air admis-sion may disturb panicu fa t e s on the surface of theetched f i l t e r .

9.4.S Cerbon coating
Coat the microscope slide holding the collapsed f i l t e rportions with carbon ae epec i f i ed in 0.3.2.

9.4.6 Preparation of the Jeffe wisher
Place several pieces of lens tissue on the stainlesssteel bridge, and fill the washer withd l m e t h y t f o r m a m l d e (6.4) or acetone (6.6) to e levelwhere the meniscus contacts the underside of themesh, resulting in saturation of the lens tissue.
9.4.7 Placing of specimens to the Jaffa washer
Place the specimens in the Jaffe washer as sp e c i f i edin 9.3.4. Specimens are normally cleared a f t e r ap-. croximatey 4 h. •
9.4.S Rapid preparation of TEM specimens fromceUittoae eater Utters
An alternative washing procedure may be used toprepare TEM specimens from ce l lulose ester f i l t e r smore rapid ly than can be achieved by the Jaffewashing procedure. After the specimens have beenwashed in a Jaffe washer for approx imat e ly 1 h.t ran s f e r the piece of lens* tissue suppor t ing theSpecimens to the cold f inger of a condensationwasher (7.3.8) operating with acetone as the solventbecause d imethyl formamide shall not be used in acondensation washer. Operate the condensationweeher for approx imat e ly 30 mm. T h i s treatment re-moves all the remaining filter polymer.
9.5 Criteria for acceptable TEM specimencjrids
Valid data cannot be obtained unless the TEM speci-mens meet spec i f i ed quality criteria. Examine theTEM specimen grid in the electron microscope at as u f f i c i e n t l y tow magnification (x 300 to x 1 000) forcomplete grid openings to be inspected. Reject thegrid if
a) the TEM specimen has not been cleared of filtermedium by the f i t t e r dissolution step. If the TEMspecimen exhbits areas of undissolved fitter me-dium, and if at least two of the three specimengride are net cleared, either addit ional washingw f t h solvent shall be earned out or new speci-'mens shall be prepared from the f i l t e r ;
b) the sample is overloaded with paniculate, tf thespecimen grid exhibits more than approx imate ly10% obscuration en the majority of. the gridopenings, the specimen shall be designated asoverloaded. T h i s f i l t e r cannot be alanysed satis-f a c t o r i l y using the direct preparation methods be-cause the grid is too heavily loaded with debris toallow separate examination of individual panicle sby ED end EDXA. end obscuration of f i b r e s by
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other particulates may toad to underestimation ofthe asbestos structure count
c) the particular deposit s on the specimen are notuniformly distributed from one grid opening to thenext If the paniculate depos i t s on the specimenare obviously not uniform from one grid openingto the next, the specimen shad be designated asnotvuniform. T h i s condition is a func t i on either ofthe air sampl ing conditions or of the fundamentalnature of the airborne paniculate. Sat i s f a c t oryanalysis of this f i l t e r may'not be possible unlessa targe number of grid openings is examined;

d) the TEM grid is too heavily loaded with fibrousstructures to make an accurate count. Accuratecounts cannot be made if the grid has more thanapproximate ly 7 000 structures/mm2; or
a) more than approx imate ly 25% of the gridopenings have broken carbon f i l m over trm wholegrid opening. Since the breakage of carbon f i l m isusual ly more frequent in areas of heavy depositcounting of the intact openings can lead to anunderestimate of the asbestos structure count

NOTE 8 If th» cp*eim*n« «f* rejected because un-acceptable numbers of grid openings exhibit brokencarbon replica, an additional carton coating may be ap-p l i e d to the carbon coated f i l t e r , and new specimengrids prepared. The larger particles can o f t en be sup-ported by using a thicker carbon film, tf this action doesnot produce acceptable specimen grids, this filter can-not be analysed using the Oirect preparation methoos.»ff one or more of tfo conditions described in b), c),d) or e) exists, it may not be possible to analyse thesample by thi s method.

9.0 Procedure for structure counting by TEW
9.6.1 General
The examination consists of e count of asbestosstructures which are present on a spe c i f i ed numberof grid openings. Fibres are c l a s s i f i e d into groups onthe basis of morphological observations. ED patternsand EOXA spectra. The total number of structures tobe counted depends on the statistical precision de-sired. In the absence of asbestos structures, the areaof the TEM specimen grids which must be examineddepends on the analytical sensitivity required. Theprecision of the structure count depends not o n f y onthe total number of structures counted, but also ontheir un i f ormi ty from one grid opening to the nextAddi t i ona l structure counting wHI be necessary Ifgreater precision is required.

In order that the estimate of the structure density onthe sampling f i t t e r shall not be based en the smallarea represented by one specimen grid, grid openingsshall be examined on two of the three specimen gridsprepared. Then combine the results in the calculationof the structure density. Structure counts shall bemade at a magnif icat ion of approx imate ly x 20 000,and shail be terminated at the end of the examinationof the grid opening on which the 100th asbestosstructure is observed, except that the count shall becontinued until a minimum of 4 grid openings havebeen examined. Otherwise, the structure count shallcontinue to that number of grid openings at which thespecif ied analytical sensitivity has been achieved.
NOTES The normal range for the number of gridopenings which should be examined is from 4 to 20. If in-su f f i c i en t air has been sampled through the f i l t e r , the cal-culation in 9.6,4 can indicate that an rmprac t f ca t ly largenumber of grid openings should be examined. When thissituation occurs, a larger value of analytical sensitivity mayhave to be accepted.

Measurement of mean grid opening arc*
The mean grid opening area shall be measured for thetype of TEM specimen grids in use. The standard de-viation of the mean of 10 openings selected from 10grids should be less than 5 %. As an optional proce-dure, or if the 5 % standard deviation criterion cannotbe demonstrated, the dimensions of each grid open-ing examined in the TEM shall be measured at a cali-brated magnification.
9.&9 TEM alignment and calibration procedure*
Before structure counting is per formed, align the TEM"according to instrumental speci f icatione. Calibrate theTEM and EOXA system according to the proceduresspec i f i ed in annex 8.
S.f.4 Determination of s t opp ing point
Before structure counting is begun, calculate the areaof specimen to be examined in order to achieve theselected analytical sensitivity. Calculate the maximumnumber of grid openings to be examined using thef o l l ow ing equation:

where
is the number of grid openings to be ex-amined, rounded upwards to the nexthighest integer;
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is the area, in square millimetres, of sam-ple f i l t er .
is the area, in square millimetres, of TEMspecimen grid opening:
is the volume of air sampled, in litres:
is the required analytical sensitivity, ex-pressed in number of structures per litre.

$.6.5 General procedure for structure countingend size analysis
Use at least two specimen grids prepared from thef i t t e r in the structure count Select at random severalgrid openings f rom each grid, and combine the datain the calculation of the results.
Use a form similar to that shown in f igure 4 to recordthe data. Insert the f ir s t specimen grid into the TEM.
NOTE 10 In order to facffltBte quality assurance mea-surements which require re-examination of the same gridopening by d i f f e r e n t microscopists. the grid should be in--serted into the specimen holder in « standard orientationwith the prid bars paral l e l and perpendicular to the axis oftrie specimen holder. This will provide scan directions par-o t l o l 1e the edges of tho grid opening. It chould b* encoredthat all microscopists begin scanning at the same startingpoint on the grid opening, and that they use similar scanpatterns. This procedure permits rapid relocation of fibrousstructures for further examination if necessary.
Select a typical grid opening and set the screen mag-ni f i ca t ion to the calibrated value (approximate lyx 20 000). A d j u s f t h e sample height until the featuresin the centre of the TEM .viewing screen are at theeucentric point. Set the goniometer tilt angle to zero.In column 1 of the data recording form, record the.number or le t t er used to i d e n t i f y the grid. In column2. record the i d e n t i f i c a t i o n of the particular grid open-ing. Position the specimen so that the grid opening ispositioned with one comer visible on the screen.Move the image by adjustment of only one translationcontrol, c a r e f u l l y examining the sample for f ibres , untilthe oppos i t e side of the grid opening is encountered.Move the image by a predetermined distance lessthan one screen diameter, using the other translationcontrol, and scan the image in the reverse direction,Continue the procedure in this manner until the entiregrid opening has been inspected in a pattern similarto that shown in f i g u r e 5. When a f ibrous structure isdetected, assign a sequential number to the primarystructure in column 3. p er f orm the ident i f i cat ion pro-cedures required as de tai l ed in annex E. and enter theappropria t e compositional c la s s i f i ca t i on on the struc-ture counting form in column 5. Assign a

morphological c las s i f i cat ion to the structure accordingto the procedures specif ied in annex D, and recordthis in column 6. Measure on the TEM viewing screenthe length and width of the image of the primarystructure, in millimetres, end record these mea-surements in columns 7 and 8. For a disperse clusteror matrix, assign a compositional c las s i f i cat ion and amorphological classification to each structure compo-nent, measure the length end width, and enter thedata in column* 4 to 8. Use column 4 of the data re-cording form to tabulate the sequential number oftotal structures taking into account structure compo-nents, if non-asbestos f ibre s are observed, note theirpresence and type, if known. After a f i brous structurehas been examined and measured, relocate the orig-inal f i e l d of view accurately be fore continuing scan-ning of the specimen. Fai lur e to do this may causestructures to be overlooked or counted twice. Con-tinue the examination until the comple t ion of the gridopening on which the 100th asbestos structure hasbeen recorded, or until the number of grid openingsrequired to achieve the spec i f i ed analytical sensitivity,calculated according to 9.6.4, have been examinedwhichever occurs f ir s t . The data shall be drawn ap-proximately equally from e minimum of two grids.Regardless of the value calculated according to 9.6.4.f ibrous structures on a minimum of four openingsshall be counted.
9.6.6 Measurement of concentration for esbestosf f e r a end bundles longer then 5 urn
Consider improving the statistical va l id i ty for meas-urement of asbestos f ibre s and bundles longer than5 jim by additional examination at a lower magnifica-tion, taking account only of the longer f i br e s andbundles. Perform this extended examination for f i bre sand bundles longer than S |im in accordance with theprocedures speci f ied in annex E. Use a magni f i cat ionof approximate ly x 10 000 for counting all asbestosf ibre s and bundles longer than S pm. or approx imate lyx 5 000 if only f ibres and bundles within the diameterrange 0.2 pm to 3,0 ym are to be counted. Continuethe count until completion of the grid opening onwhich 100 f ibre s and bundles have been recorded, oruntil a s u f f i c i e n t area of the specimen has been ex-amined to achieve the desired analytical sensitivity.Only those structures which are ident i f i ed as, or aresuspected to be. either chrysolite or one of theamphibote minerals win be reported in either theoriginal or the extended TEM examination; Other ma-terials, such as gypsum, ce l lulose f ibre s , and filtera r t i f a c t s such as undissorved f i t t e r s trands, will not beincluded in the f ibre count. This restriction is intendedto ensure that the best statis t ical v a l i d i t y is obtainedfor the materials of interest
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• S t c o n t f p m
Flour* 5 — Example of scanning procedure for TEM specimen examination

9.7 Blank and quality control determination*

Before air samples are collected, a minimum of twounused f i l t e r s from each f i t t e r lot of 100 f i t t e r s sha f tbe analysed to determine the mean asbestos struc-ture count. If the mean count for all types of asbestosstructures is found to be more than 10 structures/mm2, or if the mean f ibr e count for asbestos f ibresand bundles longer than 5 |tm is more than 0,1 f ibre/mm*, reject the filter lot
To ensure that contamination t>y extraneous asbestosf i br e s during specimen preparation ts insignif icantcompared with the results reported on samples, es-tab l i sh a continuous programme of blank mea-surements. At least one field blank shall be processedalong with each batch of samples. In add i t i on , at least

one unused f i l t e r shaR be included with even/ groupof samples prepared on one microscope slide.
Initially, and also at intervals af terwards, ensure thatsamples of known asbestos concentrations can beanalysed satis factorily- Since there is a subjectivecomponent in rh* structure counting procedure, it isnecessary that recounts of some specimens be madeby d i f f e r e n t microscopists, in order to minimize thesubjective e f f e c t s . Such recounts provide a means ofmaintaining comparabi l i ty between counts made byd i f f e r e n t microscopists. Variab i l i ty between and withinmicroscopists and between laboratories shall becharacterized. These quality assurance measurementsshall constitute approx imat e ly 10% of the analyses,Repeat results should not differ at the 5 % s ign i f -icance level.
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9J Calculation of reeuto
Calculate the results using the procedures detailed mannex F. Prior to the TEM examination of the speci-mens, the level of analysis was spec i f i ed . Before theresults are calculated, the compositional andmorphological c las s i f i cat ions to be included in the re-sult shall be specif ied. The chi-squared uniformity testshall be conducted using the number of primaryasbestos structures found on each grid opening, priorto the app l i ca t i on of the cluster and matrix countingcriteria. The concentration result shad be calculatedusing the numbers of asbestos structures reportedaf t er the appl i ca t ion of the cluster and matrix countingcriteria.

10 Performance characteristics
10.1 General
It is important to use this analytical method in con-junction with a continuous quality control programme.The quality control programme should include use ofstandard samples, blank samples , and both mterlabo-ratory and tntralaboratory analyses.
103. Interferences and f f m K i r t i o m of IBbreidentif ication
Unequivocal ident i f i ca t ion of every chrysotile f ibre isnot possible, due to both instrumental limitations andthe nature of some of the fibres. The requirement fora calibrated ED pattern eliminates the pos s ib i l i ty of enincorrect id en t i f i ca t i on of the f i br e selected. However,there is a pos s ib i l i ty of mi s ident i f i ca t ion of f i bre s forwhich both the morphologies and the ED patterns arereported en the basis of visual inspection only. Theonly significant pos s ibi l i t ie s of misidentification occurwith hal loys i t e , vermiculite scrolls or palygorskite. ailof which can be discriminated from chrysotile by theuse of EDXA and by observation of the 0.73 nm (002)ref lec t ion of chrysotile in the ED pattern.

As in the case of chrysotile f ibre s , complete identi f i-cation of every amphibole f ibre is not possible due toinstrumental limitations and the nature of some of thefibres. Moreover, complete identi f icat ion of everyamphibole f i br e is not practical due to the limitationsof both time and cost. .Particles of a number of Otherminerals with compositions similar to those of someamphiboies could be erroneously classified asamphibole when the c las s i f icat ion criteria do not in-clude zone-axis ED techniques. However, the re-quirement for quantitative EDXA measurements onall f ibres as support for the random orientation EDtechnique makes misidentification very unlikely, par-

t icularly when other similar fibres in the same samplehave be e f) ident i f i ed as amphibole by tone-axismethods. The possibili ty of misidentif ication is furtherreduced with increasing aspect ratio, cinee it iff rarefor the minerals with which amphibole may be con-fused to d i sp lay an asbestiform habit
Precision and accuracy (see ISOStandard Handbook No. 3)

10.3.1 Precision
The analytical precision that can be obtained is de-pendent upon the number of structures counted, andalee on the uniformity of tha paniculate deposit on theoriginal f i l t e r . Assuming that the structures are ran-domly deposited on the filter, if 100 structures arecounted and the loading is at least 3,5 s tructures/gridopening, computer modelling of the counting proce-dure shows that e coe f f i c i ent of variation of about10 % can be expected. As the> number of structurescounted decreases, the precision will also decreaseapproximate ly es y/tt, where N is the number ofstructures counted. In practice, paniculate deposi t sobtained by f i l t ra t i on of ambient air samples are rarelyidea l ly distributed, and it is found that the precision iscorrespondingly reduced. Degradation of precis ion isa consequence of several factors, such as:

a) non-uniformity of the f i l t ered paniculate deposit;
b) distortion of the f i br e distribution by a p p l i c a t i o nof the structure counting criteria;
c) variation between microscopists in their interpre-tation of the fibrous structures;
d) variation between microscopists in their abil i ty todetect and i d e n t i f y fibres.
The 95% confidence interval about the mean for asingle structure concentration measurement usingthis analytical method should be approximately± 25 % when 100 structures are counted over 10 gridopenings.
10J.2 Accuracy
There is no independent method available to deter-mine the accuracy.
NOTE 11 It has been demonstrated that a f t e rpolycarbonate membrane f i t t e r s have been coated withcarbon, paniculate material is transferred to the TEMspecimens without measurable losses. However, if the fit-ters are heavily loaded by particutate malarial, some of thism*y be low b*for» they are coated with carbon. Goodcomparability between tha capillary-core polycarbonate pro-

18



o l S O ISO 10312:1M5(E)

e«duni and the ceButese ester fHter procedure has beendemonstrated for laboratory-generated aerosols ofchrysolite asbestos.

1044 Inttrtoberatery »nd lntral»bor«torvenatyse*
Interiaboratory and intralaboratory analyses ere re-quired in order to monitor systematic errors that maydevelop among microscopists when using thismethod. These analyses should be designed to testboth the overall method and the performance of indi-vidual microscopists. Repeating preparation of .TEMgrids from d i f f e r e n t sectors of a f i l t e r , f o l lowed byexamination of the grids by * d i f f e r e n t microscopist.is a test for the reproduc fo i l i ty of the whole method.However, non-uniformity of the paniculate deposit onthe filter may teed to d i f f e r enc e s which are not relatedto the performance of the microscopists. Ver i f i ed f ibrecounting (counting of asbestos structures on thesame grid opening of a TEM grid by two or more op-erators, fo l lowed by resolution of any discrepancies)may be used both as a training aid and to determinethe performance of d i f f e r e n t microscopists. The useof indexed TEM grids as described in 7.4.1 and 1.42is recommended in order to f a c i l i t a t e relocation ofsp e c i f i c gnd openings.

10.4 limit of detection
The Hm'rt of detection of the method can be varied bychoice of the area of the collection finer, the volumeof air sampled and the area of the specimen examinedin the T E M . It is al«b a funct ion of the background ofasbestos structures on unused f i l t e r s . A limit of de-tection shall be quoted for each sample analysis.
NOTE 12 In practice, the lowest limit of detection is fre-quently determined by the total suspended paniculate con-centration, since each particle on the filter must beseparated from adjacent ones by a distance large enoughfor the particle to be ident i f i ed without interference.Paniculate loadings on sampling f i l t e r s greater than29 tig/cm* usually preclude preparation of TEM specimensby the direct methods. If the analysis is to be performedwith an acceptable expenditure of time, the area of thespecimen examined in the TEM for structures of all sizes islimited in most cases to between 10 and 20 grid openings.In typical ambient or building atmospheres, it has beenfound that an analytical sensitivity of 1 structure/I can beachieved. In some circumstances, where the atmosphere isexceptionally clean, this can be reduced to 0.1 structure/Ior lower. For f ibres and bundles longer than S »m, the re-duced magnifications spec i f i ed permit larger areas of theTEM specimens to be examined with an acceptable ex-penditure of time, resulting in proportionately lower Kmitsof detection. If no structure* «r« found in the analysis, th*upper 95 % confidence limit can be quoted as the upper

boundary of the concentration, corresponding to 2.99 timesthe analytical sensitivity if a Poisson distribution of struc-tures on the filter is assumed. This 95 * confidence Rmitfor 0 structures counted is taken as the detection limit.Since there is sometimes contamination ot unused samplesf i l t e r s by asbestos structures, this should also be taken intoaccount in the discussion of imits of detection.

11 Test report
The test report shall include at least the f o l l o w i n g in-. formation:
a) reference to this International Standard:
b) identi f ication of the sample;
c) the date and time of sampl ing, and all necessarysampling data;
d) the date of the analysis;
e) the identity of the analyst;
f} any procedure used that is not spec i f i ed in thisInternational Standard or regarded as optional;
g) a complete l i s t ing of the structure counting data(the f o l l o w i n g data should be inc luded: grid open-ing number, structure number, ident i f i ca t ion cate--gory, structure type, length and width of thestructure in micrometres, and any commentsconcerning the structure);
h) a' statement of the minimum acceptable i d en t i f i -cation category and the maximum identi f i cat ioncategory attempted (refer to tables 0.1 and 0.2):
i) a statement spe c i fy ing which ident i f i ca t i on endstructure categories have been used to calculatethe concentration values;
j) separate concentration values for chrysolite andamphibote structures, expressed in number ofasbestos structures pet litre:
k) the 95 % confidence interval limits for the con-centration values, expressed in number ofasbestos structures per litre;
8 the analytical sensitivity, expressed in number ofasbestos structures per litre;
m) the limit of detection, expressed in number ofasbestos structures per litre;
n) compositional data for the principal varieties ofamphibote. if present;
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o> items g) to m) for asbestos fibres snd bundleslonger than 5 jim; p) hems (0 to m) for PCM equivalent asbestos f ibre sand bundles.
An example of a suitable format for the structurecounting data is shown in figures 6 and 7.

Sample anan/ s f s Information {page

Laboratory name
Sample: 466 Queen StreetAshby de la Zouch,Exterior sample 199VOW9

Air volume:Area of collection f i l t e rLevel of analysis (chrysolite):Level of analysis (amphibole):Magnif i cat ion used for f ibre counting:Aspect ratio for f ibre def ini t ion:Mean dimension of grid openings:Initials of analyst:
Number of grid openings examined:
Analyt i ca l sensitivity:
Number of primary asbestos structures:
Number of asbestos structure* counted:/
Number of asbestos structures > 5 »im:
Number of asbestos fibres and bundles > 5 um :
Number of PCM equivalent asbestos structures:
Number of PCM equivalent asbestos fibres:

Report number Date)

2 150.0 litres385.0 mm2

CD or CMQADOx 20 5005/195,4 umJ M W
10
1,968 structures/1
13
26
7

10
3
5

Route 8 — Example of format for reporting sample and preparation data
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Sample analysis information (pages 2 and f o l l owtng)

.laboratorfy namo
Sample: 456 Queen StreetAshby de la ZouchExterior sample 1991-0&09

f t O p U r t f f N N T I D W r Data

TEM asbestos structure count — Raw data
OrM

A

B

C

GrMopening
F4-4

E3-6E5-1

F4-1

G5-1

$44
G4V

EME5-6

F4-1

Nvtnb«r«fstructural
primary

123
45

6

7

99.10

11

1213

tote?
1334
5e78
9to11

1213141516
17181920

212223242526

e j . • aleTl O w f i Z o f "eatkmV
COCMQADOCOCDCD

CMOCDCOCDCOCOCMQCDCOCMQ
CMOCOADCMQCMQCMOADQCMMown*
ADQADOADQCMCMCMQCO

Struetwel*pe
FBFMC+0MD43 MBMF

MBMFCD+0 ceCFCR+0CD31 CBCFceBFCD42 CBCFCFCF
CD+3 CFCFCBCR+0MC10CC+0

Ian0t f i
urn
1.72.64.0
3.57,57.7S.6
5.11.76.53.53,52.66.15.64.03,21.58,725159.«3,64.2
9,47.16,25.13.33.77.4

W H R n
titn

0,045
O.Q90.151.3SO -0.30
0.0450.300.0453.00.150,0451.93.20.30.04S0.0900.230.155.60.15
0.0450.300,045

2,50.300.100.21.82.10.5

W V M l M M f l i v

Crocidoliw

Tremol i t e • -

AmositeCroodoRts

1} I d e n t i f i c a t i o n codes listed in tables D.I and D.2.
f i gure 7 — Example of format for reporting structure counting data
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Annex A(normative)
Determination of operating conditions for plasma asher

A.1 Gaxwel
During the preparation of TEM specimens from an
M£C or cellulose nitrate f i l t e r , the spongy etruetureof the filter is col lapsed into • thinner ffim of polymerby the action of * solvent Some of the particles onthe surface of the original filter become completelyburied in the polymer, and the specimen preparationprocedure incorporates * plasma etching step tooxidize the surface layer of the polymer. Particlesburied by the f i l t e r c o l lap s ing step are then exposedso that they can become subsequently a f f i x e d to theevaporated carbon f i l m without altering their posi t ionon the original f i l t er. The amount of etching is critical,and individual ashers vary 'm performance. Therefore,the plasma asher (7.3.4) shaH be calibrated to girt •known amount of etching of the surface of the col-lapsed f i l t er . T h i s is carried out by adju s t ing theradio-frequency power output and the oxygen f l o wrate, and measuring the time taken to comple te lyoxidize an uncotiapsed cellulose ester f i l t e r with25 mm diameter of the same type and pore size esthose used in the analysis.

A2 Procedure
Place an unused cellulose ester f i l t e r , with 25 mm <fr•meter, of the same type as that being used, in the)centra of * glass microscope slide. Position the s l ideapproximately in the centre of the asher chamber.Close the chamber and evacuate to a pressure of ap-proximately 40 Pa, while admitting oxygen to thechamber at a rate of 8 mi/mm to 20 mi/min. Adjustthe tuning of the system so that the intensity of theplasma in maximized. Measure the time required forcomplete oxidation of the fHter. Determine operatingparameters which result in complete exydation of thefilter tn a period of approximately 15 min. For etchingof collapsed f i l t er s , these operating parameters shallba used for a period of 8 min.
NOTE 13 Ptasme oxidation at high ndfe^requency pow»•rs wi cause the fitter to shrink end curl, f o l lowed by sud-den violent ignition. At lower powers, the f i l t e r win remainin position and w9l slowly become thinner until it is nearlytransparent It is recommended that a radio-frequencypower be used such that violent ignition does not occur.When mult iple f i t t e r s are etched, the rate of etching is re-duced, and the system should ba calibrated accordingly.
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Annex B(normative)
Calibration procedures

B.I Calibration of tha TEM
8.1.1 Calibration of TIM screwmagnification
The electron microscope should be aligned accordingto the spec i f i cat ions of the manufacturer. Initially, andat regular intervals, calibrate the magnifications usedfor the analysts using a d i f f r a c t i o n grating replica17.3.11). A d j u s t the specimen height to the eucentricposi t ion before carrying out the calibration. Measurethe distance on the f luorescent viewing screen occu-pied by a convenient number of repeat distances ofthe grating image, and calculate the magnification.Always repeat the calibration a f t e r any instrumentalmaintenance or change of operating conditions. Themagni f i ca t i on of the image on the viewing screen isnot the seme es that obtained on photographic p l a t e sor f i l m . The retro between these is a constant valuefor the particular mode] of TEM.
B.1.2 Calibration of ED camera eenetant
Calibrate the camera constant of the TEM when usedin ED mode. Use » specimen grid support ing a carbonfilm on which a thin film of gold has been evaporatedor sput t ered. Form an image of the gold film with thespecimen ad ju s t ed to the eucentric position and se-lect ED conditions. Adjust the objective lens currentto optimize the pattern obtained, and measure the dt-•meteta of the innermost two rings either on the f l u -orescent viewing screen or on a recorded image.Calculate the radius-based camera constant 3L. forboth the f luorescent screen and the pho tographicplate or f i l m , using the f o l l o w i n g equation:

where
A « the wavelength, in nanometres, of theincident electrons;

L is the camera length, in mil l imetre s;

a is the unit cell dimension of gold. *mnanometres (* 0,407 86 nm);
D is the diameter, in millimetres, of the (M/Jd i f f r a c t i o n ring.

Using gold as the ca l f cra t i on material, the radius-based camera constant is given by
SL - 0,117 740 mm-nm femet teat ring)
3L » 0,101 S7D mnvnm (second ring)

B.2 Calibration of lbe> EDXA system
Energy calibration of the EDXA system for a low en-ergy and high energy peak shall be performed regu-torty. Calibration of the intensity scale of the EDXAsystem permits quantitative composition data, at anaccuracy of about 10% of the elemental concen-tration, to be obtained from EDXA spectra of refer-ence silicate minerals Involving the elements Na,Mg. Al, Si, K, Ca, Mn and Fe, and a p p l i c a b l e certi f iedreference materials, if quantitative determinations arerequired for minerals containing other elements, ref-erence standards other than those referred to belowwill be required. Well-characterized mineral s tandardspermit calibration of any TEM-EDXA combinationwhich meets the instrumental spec i f i cat ions of 7.3.1and 7.3-2, so that EDXA data from d i f f e r e n t instru-ments can be compared. Reference minerals are re-quired for the calibration; the criteria for selectionbeing that they should be sHicate minerals with ma-trices as dose as possible to those of the emphibolesor serpentine, and that small individual fragments ofthe minerals are homogeneous in composition withine few percent

Determine the compositions of these standards byelectron microprobe analysis or chemicals methods.Crush fragment s of the same selected mineral stan-dards and prepare f i l t e r s by dispersal of the crushedmaterial in water and immediate f i l t r a t i o n of the sus-pensions. Prepare TEM specimens from these f i l t e r saccording to the procedures soecified in clause 9.These TEM specimens can then be used to calibrateany TEM-EDXA system so that comparable composi-
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tionat results can be obtained from diTferent instru-ments.
N O T E S
14 The mfcroprobe anaJysfc of the miner*! standards arecarried out by conventional techniques which c*n be foundin annex J, The mineral is f i r s t embedded in a mount ofpoMmethyl methacrylate) or epoxy resin. The mount is thenground and polished to achieve a flat pof i shed surface ofthe mineral fragment. This surface is then analysed, using. suitable reference standards, pre f erab ly oxide standards ofthe individual elements wherever these are available. It isnecessary to take into account the water concentration inthe minerals, which in the case of chrysotHe amounts to13 % by mass. This water content may vary due to lossesm the vacuum system.
15 Aqueous suspensions of mineral standards should bef i l t e r ed immediately a f t e r preparation, since alkali and alkaiearth metals may be parUaRy leached from minerals con-taining these elements.
Express the results of the electron microprobe ana-lyses as atomic or mass percentage ratios relative tosilicon. X-ray peak ratios of the same elements rela-tive to silicon, obtained f rom the EDXA system, canthen be used to calculate the relat ionship betweenpeak area ratio and atomic or mass percentage ratio.The technique was descnbed by Cliff and Lorimer(see annex J, reference [8]).
The X-rays generated in a thin specimen by an inci-dent electron beam have a low probabi l i ty of interact-ing with the specimen. Thus, mass absorption andf luore scence e f f e c t s are negl igible . In a s i l icate min-eral specimen containing/ element i. the f o l l ow ingequation can be used to per form quantitative analysesin the TEM:

where
C, is the concentration or atomic percentageof element i;

is the concentration or atomic percentageof silicon;

AI is the element*! integrated peak «rae forelement ft
AS »s the elemental integrated peak area forsflicon:
4 is the f r f a t i o for element « relative to sili-con.

For a particular instrumental configuration and a par-ticular particle size, the value of k, is constant
To incorporate correction for the particle size e f f e c ton peak area ratios (see annex J, references £35] andp f i r j , extend the Cliff and Lorimer technique by ob-taining separate values of the constant *, for d i f f e r e n tranges of f ibre diameter, it is recommended that 20EDXA measurements be made for each range' of f ibrediameters. Suitable ranges of f ibre diameter are;

< 0.25 |tm: 0.25 pm to 0,5 urn; 0.5 urn to 1.0 pm:> 1,0
Insert the TEM grid into the transmission electronmicroscope, obtain an image at the calibrated highermagnification of about x 20 000. and adjust the spec-imen height to the eccentric point If the X-ray detec-tor is a side-entry variety, tih the specimen towardsthe X-ray detector. Select an isolated f ibre or particleless than 0,5 »tm ir> width, and accumulate an EDXAspectrum using an electron probe of suitable diam-eter. When a w e l W e f i n e d spectrum has been ob-tained, p er f orm a background subtraction andcalculate the background-corrected peak areas foreach element l i s t ed, using energy windows centredon the peaks. Calculate the ratio of the peak area foreach spec i f i ed element relative to the peak area forsilicon. All background-subtracted peak areas used forcalibration shall exceed 400 counts.
Repeat this procedure for 20 particles of each mineralstandard. Reject arwryses of any obviously foreignparticles. Calculate the arithmetic mean concentrationto peak area ratio, Ij bVratio), for each speci f ied ele-ment of each mineral standard and for each of the fi-bre diameter ranges. Periodic routine checks shall becarried out to ensure that there has been no degra-dation of the detector performance. These i-ratios areused to calculate the elemental concentrations of un-known fibres, using the Cliff and Lorimer relationship.
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A n n e x C(normative)
Structure counting criteria

C.I Central
In addition to isolated f f c r e s , other assemblages ofpanicles and fibres frequently occur in air samples.G r o u p i n g s of asbestos fibres and particles, referred toas "SBbeetoe structures". er» oVinad as f ibre bun-dles, clusters and matrices. The numerical result of aTEM examination depends largely on whether theanalyst assigns such an assemblage of f ibres as asingle entity, or as the estimated number of individualf i bre s which form the assemblage. It is therefore im-portant that a logical system of counting criteria bed e f i n e d , so that the interpretation of these complexstructures is the same for all analysts, and so that thenumerical result is meaningful. Imposi t ion of S p e c i f i cstructure-counting criteria general ly requires thatsome interpretation, p a r t i a l l y based on uncertain in-f o rmat i on on healtn e f f e c t s , be made of eachasbestos structure found. It is not the intention of thisInternat ional Standard to make any interpretationsbased on health e f f e c t s , and it is intended that a clearseparation shall be made between recording of struc-ture counting data, and later interpretation of thosedata. The system of coding spec i f i ed in this Interna-tional Standard p e /mi t s a dear morphological de-• scription of the structures to be recorded in a concisemanner suitable for later interpretation, rf necessary,by a range of d i f f e r e n t criteria, without the necessityfor re-examination of the specimens. In particular, thecoding system is designed to permit the dimensionsof each complex fibrous structure, and also whetherthese structures contain f ibre s longer than 5 urn. tobe recorded. Thi s approach permits later evaluationsof the data to include considerations of particler e sp i rab i t i ty and comparison* with historic^ indicesof asbestos exposure. Examples of the various typesof morphological structure, and the manner in whichthese shall be recorded, are shown in f i g u r e C.1.

C.2 Structure d e f in i t i on s and treatment
Each f ibrous structure that is a separate entity shallbe designated as a primary structure.' Each primarystructure shall be designated as a fibre, bundle, clus-ter or matrix

C2.1 Fibre
' Any particle with paral l e l or stepped sides, of mini-mum length 0,5 pm, and with an aspect ratio of 5/1or greater, shall be de f ined as a f ibre. For chrysoliteasbestos, the single fibril shall be d e f ined as a fibre.A f i b r e with s t epped sides shall be assigned a widthequal to the average of the minimum and maximumwidths. This average shall be used as the width indetermination of the aspect ratio.

C.&2 Bundle
A grouping composed of a p p a r e n t l y attached paral le lf ibres shad be def ined as a bundle, with a width equalto an estimate of the mean bundle width, and a lengthequal to the maximum length of the structure. Theoverall aspect ratio of the bundle may have an? value,provided that it contains individual constituent f ibreswith aspect ratios equal to or greater than 5/1. Bun-dles' may exhibit diverging f ibre s at one or both ends.
C2J Cluster
An aggregate of two or more randomly oriented fi-bres, with or without bundles, shall be def ined as acluster. Ousters occur as two varieties.
&2J.1 disperse duster (type D): Disperse andopen network, in which at least one of the individualf ibres or bundles can be separately i d e n t i f i e d and itsdimensions measured:
C.&&2 compact duster (type O: Complex andt i g h t l y bound network, in which one or both ends ofeach individual f i br e or bundle is (are) obscured, suchthat the dimensions of individual f ibres and bundlescannot be unambiguously determined.
In practice, dusters can occur in which the character-istics of both types of duster occur in the samestructure. Where this occurs, the structure should bedefined as a disperse duster, and then a logical pro-cedure should be f o l l o w e d by recording structurecomponents according to the counting criteria. Theprocedure for treatment of clusters is illusoated by•samples in f igure C.?.
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S p o t s Spot 2 S p o t t

Spot 4

S p o t t

Figure D.1 — Example of measurement of zone-axis SAED patterns
To obtain an EDXA spectrum, move the image of thef i br e to the centre of the screen and remove the ob-jec t ive aperture. Select an appropr ia t e electron beamdiameter and d e f l e c t the beam so that it impinges onthe f ibre. Pependmg on the instrumentation, h maybe necessary to tilt the specimen towards the X-raydetector and. in some instruments, to use the Scan-ning Transmission Electron Microscopy (STEM) modeof operation.
The time for acquisition of a suitable spectrum varieswith the f i br e diameter, and also with instrumentalfactors. For quantitative interpretation, spectra shouldhave a s ta t i s t i ca l ly vef id number of counts in eachpeak- Analyses of small diameter f ibres which containsodium are the most critical, since h is in the tow en-ergy range that the X-ray detector is least sensitive.Consequently, it is necessary to acquire a "spectrumfor a period that is s u f f i c i e n t l y long for the sodium tobe detected in such fibres , tt has been found thats a t i s f a c t o r y quantitative an analyses can be obtainedif. acquisition is continued until the background sub-tracted silicon As peak Integral exceeds 10 000counts. The spectrum should then be manipulated tosubtract the background and to obtain the net areasof the elemental peaks.

After quantitative EOXA clas s i f i cat ion of some fibresby computer analysts of the net peak areas, it may bepos s ib l e to c l a s s i f y fur th er f ibre s in the same sample

on the basis of comparison of spectra at theintrument. Frequently, visual comparisons can bemade a f t e r somewhat shorter acquisition times.
D.3 Interpretat ion of f ibre •nafysi* data
D.3.1 Chrysotila
The merphotegieef structure of ehrysotile is charac-teristic, and with experience, can be recognized read-ily. However, a few holder minerals have a similarappearance, and morphological observation by i t s e l fis inadequate for most samples. The ED pattern ob-tained from chrysolite is quite spec i f i c for this mineralif the specif ied characteristics of the pattern corre-spond to those from reference chrysolite. However,depending on the past history of the f i b r e , and en anumber of other factors, the crystal structure of *particular f f c r e may be damaged, and it may not yieldand ED pattern. In this case, the EDXA spectrum maybe the only data available to supplement themorphological observations.
D.3.2 A m p h f o o l e s
Since the f ibre ident i f i ca t ion procedure for asbestosf ibres other than ehrysotile can be involved and time-consuming, computer programmes, such as that de-veloped by B.L Rhoades (see annex J, reference
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[32]). are recommended for interpretation of zone-axis ED patterns. The publi shed literature containscomposition and c r y s t a l l o g r a p h f e data for all of thef ibrous minerals l ike ly to be encountered in TEManalysis of air samples, and the compositional andstructural data from the unknown f ibr e should becompared with the published data. Demonstrationthat the measurements are consistent with the datafor a par t i cu lar test mineral does not uniquely i d e n t i f ythe unknown, since the p o s s i b i l i t y exists that datafrom other minerals may also be consistent tt is,however, unl ike ly that a mineral of another structuralclass could yield data consistent with that from anamphibote f ibre id en t i f i ed by quantitative EDXA and
two zon«-ajris ED pattern*.
Suspe c t ed amphibote f i bre s should be c las s i f i ed ini-tially on the basis of chemical composition. Eitherqualitative or quantitative EDXA information may beused as the basis for this classification. From thepublished data on mineral compositions, a list of min-erals which are consistent in composition with thatmeasured for the unknown f i b r e should be compiled.To proceed fur ther , it is necessary to obtain the f ir s tzone-axis ED pattern, according to D.2.2.
It is possible to sp e c i fy a particular zone-axis patternfor i d en t i f i ca t i on of amphibole , since a few patternsare o f t e n considered to be characteristic. Unfortu-nately, for a f ibre with random orientation on a TEMgrid, no specimen holder and goniometer currentlyavailable will permit convenient and rapid location oftwo preselected zone-aves. The most practical ap-proach has been adopted, which is to accept thoselow Index patterns which are easily obtained, and thento test their consistency with the structures of theminerals already preselected on the basts of the EDXAdata. Even the structures of non-amphibole minerals *in this preselected list shell be tested against thezone-axis data obtained for the unknown fibre, sincenon-amphibole minerals in some orientations mayyield similar patterns consistent with amphibolestructures.

The 2on*-axi* go interpretation shaH include all min-erals previously selected from the mineral data f i l e asbeing chemical ly c ompat i b l e with the EDXA data. Thisprocedure will usually shorten the list of minerals forwhich solutions have been found. A second set ofzone-axis data from another pattern obtained on the

same fibre can then be processed, either as fur therconfirmation of the ident i f i ca t ion, or to attempt elim-ination of an ambiguity. In addition, the angle meas-ured between the orientations of the two zone-axescan be checked for consistency with the structuresof the minerals. Caution should be exercised in ratio-nalizing the inter-zone-axis angle, since if the f i br econtains c-axis twinning, the two zone-axis ED pat-terns may originate from the separate twin crystals.In practice, the fuB ident i f i cat ion procedure willnormally be app l i ed to very few f i br e s , unless preciseident i f i cat ion of an f ibre s is required for a particularreason.
O.4 F i b r e ) e f a c e l f f e a r t i o n eate>gorie*
It is not always poss ible to proceed to a de f in i t iv eident i f i cat ion of a f i b r e ; this may be due to instru-mental limitations or to the actual nature of the fibre.In many analyses, a de f ini t ive id en t i f i ca t i on of eachf ibre mey not actually be necessary if there is otherknowledge available about the sample, or if the con-centration is below a level of interest. The analyticalprocedure shall therefore take into account both in-strumental limitations and varied analytical require-ments. Accordingly, a system for f i br e c la s s i f i ca t ion isused to permit accurate recording of data. The classi-f i ca t ions are shown in tables D.1 and D.2, and are di-rected towards id en t i f i ca t i on of chrysolite andamphibole respectively- Fibres shad be reported inthese categories.

The general principle to be f o l l o w e d in this analyticalprocedure is f ir s t to de f ine the most sp e c i f i c f i br ec la s s i f i ca t i on which is to be a t t empt ed , or the"level" of analysis to be conducted. Then, for eachf i br e examined, record the c la s s i f i ca t i on which is ao-tually achieved. Depending on the intended use of theresults, criteria for acceptance of f i bre s as"identified" can then be established at any time a f t e rcompletion of the analysis.
In an unknown sample, chrysotile wHI be regarded asconfirmed only if a recorded, calibrated ED patternf rom one f i br e in the CD categories is obtained, or ifmeasurements of the ED pattern are recorded at theinstrument Amphibo l e wHI be regarded as confirmedonly by obtaining recorded data which indicates ex-du s iv e fy the presence of amphibole s for f ibre s clas-s i f i ed in the AZQ. AZZ or AZZQ categories.
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Tmbim D.1 — C t o e H f e r f o n «rf fibre* with tabular morphology
Catayory

TM
CM

. CD
CO

C M Q
COO
N A M

Tubular Morphology, net aufficfentfy characteristic for classification as chrysotHe
Characteristic Chrysotile Morphology
Chrysolite SAED pattern
Chrysotile composition by Quantitative EDXA
Chrysolite Morphology and composition by Quantitative EDXA
Chrysolite SAED pattern and composition by Quantitative COXA
Non-Asbestos Mineral

Table D2 — Classi f ication of fibre* without tubular merpholegy

UP
AD
AX

ADX
AQ
AZ

ADQ
A Z Q
AZZ

A2ZQ
N A M

A m p h f e o t e by random orientation SAED (shows layer pattern erf 0.53 nm spacing)
Amphibole by qualitative EDXA. Spectrum has elemental components consistent with amphibol*
Amphibole by landom orientation SAED and qualitative EDXA
A m p h f c o t e by Quantitative EDXA
Amphibole by one Zoneexis SAED pattern
Amphibole by random orientation SAED and Quantitative EDXA
A m p f i i b o t e by on* Zcrw-*M» SAEO p*rt*m «nd Ouantitative EOXA
Amphibole by two Zone-axis $A£D patterns, whh consistent interaxial angle
Amphibole by two Zon»«ns SAED patterns, with consistent jnteraxM angle, and Quantitative EDXA
Non-Asbestos Minei*!

0,4.1 Procedure for d«»»rfic*tk>nw f t h tubular morphology •uspoctod to b«chryvotilo
Occasionally, f ibres are encountered which have tu-bular morphology simitar to that of chrysolite, butwhich cannot be characterized further either by EDor EDXA. They may be non-crystalline, m which caseED techniques are not u s e fu l , or they may be in aposition on the grid which does not permit an EDXAspectrum to be obtained. Alternatively, the f ibre maybe of organic origin, but the morphology and compo-sition may not be s u f f i c i e n t l y de f in i t iv e enough to bedisregarded. Accordingly, there is a requirement torecord each fibre, and to s p e c i f y how c o n f i d e n t l y eachfibre cart be id en t i f i ed . Clas s i f i ca t ion of fibres will

meet with various degrees of success. Figure D.2shows the c las s i f icat ion procedure to be used for fi-bres which di sp lay any tubular morphology. The chartis self explanatory, and every f ibre ts either rejectedas a non-asbestos mineral {NAM}. or c la s s i f i ed in.some way which by some later criterion could stillcontribute to the cnrysotite f ibre count.
Morphology is the f irst consideration, and if this is notsimilar to that usually seen in chrysolite standardsamples, designate the initial c la s s i f i ca t i on as TM.Regardless- of the d o u b t f u l morphology, examine thef ibre by iO end EDXA methods seconding to'f igure 0.2. Where the morphology is more de f ini t ive .it may be possible to c la s s i fy the f i b r e as havingChrysotile morphology (CM).
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| FIBRE WITH TUBUIAH MORPHOLOGY |
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For c las s i f i cat ion as CM. the morphological character-istics required are the following:
a) the individual f i b r i l s should have high aspect ratiosexceeding 5/1 . and be aboin 30 nm to 40 nm Indiameter;
b) the electron scattering power of the f i b r e at• 60 kV to 100 kV accererating potential should bes u f f i c i e n t l y low for the internal structure to bevisible;
c) there should be some evidence of an internalstructure suggesting a tubular appearance similarto that shown by reference UICC chrysotile.which may degrade in the electron beam.
Examine every fibre having these morphological char-acteristics by the ED technique, and c l a s s i f y aschrysoti le by ED (CD) only those which give d i f f r a c t i o npatterns with the precise characteristics shown inf i gur e 0.3. The relevant f eature s in this pattern forI d e n t i f i c a t i o n of chrysotile are as f o l l ow s:

a) the (002) re f l e c t i ons should be examined to de-termine that they correspond closely to a spacingof 0.73 nm:
b) the layer line repeat Distance should correspondto 0,53 nm:
c) there should be "streaking" of the (110) and (130)ref lec t ions.

Figure D.3 — Chryaotile SAED pattern

Using the millimetre calibrations on the TEM viewingscreen, these observations can readily be made at theinstrument If documentary proof of f i br e identi f i cat ionis required, record a TEM micrograph of at least onerepresentative fibre, and record its ED pattern on aseparate f i l m or plate. Thi s film or p l a t e shall also canycalibration rings from a known potycrys ta l l ine sub-stance such as gold. This calibrated pattern is the onlydocumentary proof that the particular f i b r e ischrysotile. and not some other tubular or scrolledspecies such as hal foys i t e . palyoorskite. talc orvermicufite. The proportion of f ibres which can besucce s s ful ly ident i f i ed as chrysotile by ED is variable,and to some extent dependent on both the instru-ment and the procedures of the operator. The f ibre sthat fail to yield an i d e n t i f i a b l e ED pattern wi l l remainin the TM or CM categories unless they are examinedby EDXA.
In the EDXA analysis of chrysotile there are only twoelements which are relevant. For f ibre c la s s i f i ca t ion,the EDXA analysts shall be quantitative. If the spec-trum di splays prominent peaks-from magnesium andsilicon, with their areas in the appropriate ratio, andwhh only minor peaks from other elements, c l a s s i f ythe f i br e as chrysotile by quantitative EDXA. in thecategories CO. CMQ. or CDQ, as appropriate .
D.4.2 Procedure) for d a e s l f f c e t i o n of fibre*without tubular morphology, suspected to beamphibola)
Every particle without tubular morphology and whichis not obviously of biological origin, with an aspenratio of 5/1 or greater, and having para l l e l or s t epp edsides, shall be considered as a suspected amphibolef ibre. Further examination of the f i br e by ED andEDXA techniques wilt meet with a variable degree ofsuccess, depending on the nature of the f i br e and ona number of instrumental limitations. It will not bepossible to i d e n t i f y every f i b r e completely, even iftime and cost are of no concern. Moreover, confir-mation of the presence of amphibole can be achievedonly by quantitative interpretation of zone-axis EDpatterns, a very time-consuming procedure. Accord-ingly, for routine samples from unknown sources, thisanalytical procedure limits the requirement for zone-axis ED work to a minimum of one f i b r e represen-tative of each compositional class reported. In somesamples, it may be necessary to i d e n t i f y more f ibre sby the zone-axis technique. When analys ing samplesfrom well-characterized sources, the cost of ident i f i -cation by zone-axis methods may not be j u s t i f i e d .

The 0.53 nm layer spacing of the random orientationED pattern is not by i t s e l f diagnostic for amphibole.However, the presence of c-exis twinning in many fi-
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bres leads to contributions to the layers in the pat-terns by several individual paral le l crystals of d i f f e r e n taxial orientations. This apparently random positioningof the spots along the layer lines, if also associatedwith a high f i b r e aspect ratio. Is a characteristic ofamphibole asbestos, and thus has some limited diag-nostic value. If a pattern of this type is not obtained,the identi ty of the f ibre is still ambiguous, since theabsence of a recognizable pattern may be a conse-quence of an unsuitable orientation relative to theelectron beam, or the f i b r e may be some other min-eral species.
Figure U.4 shows the fibre classification chart to beused for suspected amphibole fibres. This chartshows all the c la s s i f i ca t i on paths possible in analysisof a suspected amphibole f ibre , when examined sys-t ematical ly by ED »nd EDXA. Two routes are possible,d e p e n d i n g on whether an attempt to obtain an EDXAspectrum or a random orientation ED pattern is madef ir s t . The normal procedure for analysts of a sampleof unknown origin will be to examine the f i b r e byrandom orientation ED, qualitative EDXA, quantitativeEDXA, and zone-axis ED, in this sequence. The finalf ibre c la s s i f i ca t ion assigned will be de f ined either bysucces s ful analysis at the maximum required level.

or by tTte instrumental limitations. Any instrumentallimitations which a f f e c t the quality of the results shallbe noted. Record the maximum classi f icationachieved for each f i br e on the counting sheet in theappropr ia t e column. The various c las s i f icat ion catego-ries can then be combined later in any desired way forcalculation of the f ibre concentration. The completerecord of the results obtained when at t empt ing toi d en t i fy each f ibre can also be used to re-assess thedata if necessary.
In the unknown sample, zone-axis analysis will be re-quired if the presence of amphibole is to beunequivocally confirmnd. For this level of analysis, at-tempt to raise the classification of every suspectedamphibole f ibre to the ADQ category by inspection ofthe random orientation ED pattern and the EDXAspectrum. In addition, examine at least one f ibre fromeach type of suspected amphibole tound by zone-axismethods to confirm their identification. In most cases,because information exists about possible sources ofasbestos in dose proximity to the air sampl ing lo-cation, some degree of ambiguity of identi f ication canbe accepted. Lower levels of analysis can thereforebe accepted for these situations.
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AnnexE(normative)
Determination of the eoncentrations of asbestos f ibres and b u n d f e s longerthan 6 pm, and PCM equivalent esbestos f ibre s

In order to provide increased statistical precision andimproved analytical sensitivity for those asbestos fi-bres and bundles longer than 5 um. it may be decidedto per form addit ional f i br e counting *t a tower magni-f i cat ion, taking account only into f ibre s and bundleswithin this dimensional range. The result shall bespec i f i ed as "number of asbestos fibres and bundleslonger than 5 um". For this examination, use a mag-nif i cat ion of a p p r o x i m a t e l y * 10 000. and continue toassign a morphological cede to each structure ac-cording to the procedures speci f ied in annex C. Re-cord f ibre s and bundf e s only if their lengths exceed5 pm. Record cluster and matrix components only iftheir l ength s exceed 5 itm.
It may else be decided to provide increased statisticalprecision and improved analytical sensitivity forf ibrous structures longer than 5 pm, with diametersbetween 0.2 pm and 3,0 iim, which have historicallybeen the basis of risk estimation tn the occupationalenvironment (PCM equivalent asbestos fibres). Use 9magni f i ca t ion of approximate ly » S 000 for this ex-tended f i b r e count. .Thfc result s h a f t be speci f ied as"number of PCM equivalent asbestos fibres".Asbestos structures within this dimensional range donot necessarily incorporate asbestos fibres or bundleslonger than 5 pm.

Continue the extended sample examination until 100asbestos structures have been counted, or until as u f f i c i e n t area of the specimen has been examined toachieve the desired analytical sensitivity calculatedaccording to table 1. The grid openings examined shadbe divided approximate ly equally between a minimumof two specimen grids.
N O T E S •

17 The specimen area correspondtrtg to the area ot fitterexamined in the PCM fibre counting methods is0,785 mm2, end is equivalent to appreximateV 100 gridopenings of a 200 mesh grid.
18 Some National Standards require that asbestos f f o r e slonger th»n 2.6 pm. "with diameters between 0.2 »m and3,0 iim be counted. Use a magnification of x 5 000 forcounting fibres within these dimensional ranges.
19 The minimum aspect ratio for def init ion of a f ibre inPCM fibre counting methods and in some National Stan-dards is 3/1. Use of a 3/1 aspect ratio is permitted in thisInternational Standard, if mis aspect ratio <s menfloneo mthe test report

The test reports shall include all of the items f i s t ed inclause 11.
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Annex f(normative)
Calculation of results

F.I Central
The results should be calculated using the proceduresspec i f i ed below. The results can be conveniently cal-culated using, a computer programme.

F.2 Test for uniformity of distribution offibrous structures on TEM grid*
A chek shall be made using the chr-square test, todetermine whether the asbestos structures f ound onindividual grid openings are randomly and uniformlydistributed among the grid openings. If the totalnumber found in * grid openings is n. and the areasof the t individual f rid openings are designated At toAf.. then the total area of TEM specimen examined is

/•*

The fraction of the total area examined which is rep*resented by the individual grid opening area. pt. isgiven by AJA. If the structures are randomly and uni-f o r m l y dispersed over the * arid openings examined.the expected number of structures f a l l i n g in one gridopening with area Aj is «p(. If the observed number ofstructures f ound on that grid opening is n,, then

This wtue shall b« compared with significance pointsof the cht-square distribution, having (k - 1) degreesof freedom. Signi f i cance levels lower than 0,1 % maybe cause for the sample analysis to be rejected, sine*this correspond to a very inhomogeneous deposit. Ifthe structure count f a i l s this test, the precision of theresult will be uncertain, and if new air samples cannotbe co l l e c t ed, additional grid openings may be exam-ined or the sample may be prepared by an indirectmethod.

F.3 Calculation of the analyticalsenthivrty
• • ,
Calculate the required analytical sensitivity S. ex-pressed in number of structures per litre, using thef o l l ow ing equation:

where
A,

*
V

is the area, in square millimetres, of sam-ple collection f i l t e t ; '
is the area, in square millimetres, of TEMspecimen grid opening;
is the number of grid openings examined;
is the volume of air sampled, in litres.

F.4 Calculat ion of tht mean andconfidence Interval of tht structureconcentration
In the structure count made according to this Inter-national Standard, a number of grid openings havebeen sampled from a populat ion of grid openings, andit is required to determine the mean grid openingstructure count for the population on the basis of thissmall sample. The interval about the sample meanwhich, with 95 % confidence, contains the populat ionmean, is also required.
F.4.1 Calculation of the mean structureconcentration
Calculate the mean structure concentration C, ex-pressed in number of structures per litre, using thef o f f o w i n g equation:

C»Sn
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where
s is the analytical sensitivity, expressed innumber of structures per litre;

is the total number of structures found onall grid openings examined.
F.4.Z Calcula t ion of confidence Intervals
The d i s t r i bu t i on of structures on the grid openingsshould theore t i cal ly approx imate to a Poisson distri-bution. Because of f ibre aggregation and size-dependent i d e n t i f i c a t i o n e f f e c t s , the actual structurecounting data otten does not conform to the Pof s s ondi s tr ibu t ion, p a r t i c u l a r l y at high structure counts. Anassumption that the structure counting data are dis-tributed according to the Poisson dis tribution canth er e f or e lead to c on f id enc e intervals narrower thanare j u s t i f i e d by the data. Moreover, if the Poissond i s t r i bu t i on is assumed, the variance is related only tothe total number of structures counted. Thus , a par-t icular structure count conducted on one grid openingis considered to have the same c o n f i d e n c e interval asthat for the same number of structures f o u n d onmany grid openings. However, the area of sampleac tua l ly counted is very small in relation to the totalarea of the f i l t e r , and for this reason, structures shallbe counted on a minimum of f o u r grid openings takenf r o m d i f f e r e n t areas of the filter in order to ensure thata representative evaluation of the depos i t is made:

At high structure counts, where there are adequatenumbers of structures' per grid opening to al low asample est imate of the variance to be made, thedis tr ibut ion can be approx imat ed to a Gaussian, withind ep enden t values for the mean and variance. Wherethe sample estimate of variance exceeds that impl i c i tin the Poissonian assumption, use of Gaussian statis-tics with the variance de f ined by the actual data is themost conservative approach to calculation of confi-dence intervals.
At tow structure counts, .it is not po s s i b l e to obtain are l iable sample estimate of the variance, and thedi s t r ibu t ion a f s o becomes asymmetric but not neces-sarily Poissonian. For 30 structures and below, thedi s t r ibu t ion becomes asymmetric enough for the fitto a Gaussian to no longer be a reasonable one. andestimates of sample variance are unreliable. Accord-ingly, for counts betow 31 structures, the as sumptionof 9 Poisson d i s t r ibu t ion shal l be made for calculationof the conf idence intervals.

F.4.3 Example of calculation of Poissonian96 % confidence intervals
For total structure counts less than 4, the lower95% confidence limit corresponds to less than 1structure. There fore , it is not meaningful to quotelower confidence interval point s for structure countsof less than 4. and the result shall be recorded as"tess than" the corresponding one-sided upper 95 %confidence limit of the Poisson distribution, as fol-lows:

0 structure a Z99 times the analytical sensitivity
1 structure s 4.74 times the analytical sensitivity
2 structures » 6.30 times the analytical sensitivity
3 structures = 7.75 times the analytical sensi t ivity

For total counts exceeding 4, the 95 % conf idenceinterval shal l be ca l cu la t ed using the values shown intable F.1. T a b l e F.I gives the u p p e r and lower l imi t sof the two-sided Poissonian 95 % con f id enc e intervalfor structure counts up to 470.
F.4.4 Example of calculation of Gaussian95 % confidence intervals
Calcula t e the s ampl e estimate of variance / using thef o l l o w i n g equation:

where
n, is the number of structures on the rth gridopening;
n is the total number of structures f o u n d int grid openings;

Pt is the frac t ion of the total area examinedrepresented by the ith grid opening;
k is the number of grid openings examined.

If the mean value of the structure count is calculatedto be n, the upper end lower values of the Geuaaian95 % conf idence interval are given respectively by
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where
A,
A
a

is the upper 95 % confidence limit:
Is the lower 95 % confidence limit;
is the total number of structures in all gridopenings examined;
is the value of Student's test (probab i l i ty0,975) for (* - 1) degrees of freedom;
is the standard deviation (square root ofsample estimate of variance);
is the number of grid openings examined.

F.4.5 Summary of procedure for calculat ionof result*
In summary, structure counting data shall be calcu-
lated as f o l l o w s :

No structures detected
The structure concentration shall be reported asless than the concentration eyuivstertt ot the one-sided u p p e r 95 % con f id enc e l imit of the Poissond i s t r i bu t i on . T h i s is equal to 2,99 times the analyt-
ical sensitivity.
From 1 to 3 structure*
When 1 to 3 structures are counted, the resultsha l l be reported as less than the correspondingone-sided upper 95 % confidence limit for thePoisson distribution. These are

1 structure * 4.74 times the analytical sensi-
tivity
2 s tructures « 6.30 times the analytical sensi-tivity
3 structures * 7.75 times the Bnotyticel sensi-
tivity

From 4 to 30 structure*
The mean structure concentration and the 95 %conf idence intervals shall be reported on the basisof the Poissonian assumption, using the valuesshown in table F.1.

More than 30 structure*
When more 30 structures are counted, both theGaussian 95% conf idence interval and thePoissonian 95 % conf idence interval shad be cal-culated. The larger of these two intervals shall beused to express the precision of the structureconcentration. When the Gaussian 95 % confi-dence interval ts selected for data reporting, thePoissonian 95 % confidence interval shall also bementioned.

F.S Calculation of structure length,width, and aspect ratio di s tr ibut ions
The dis tributions all approx imate to logarithmic*normal, and t h e r e f o r e the size range intervals for cal-culation of the distribution shall be spacedlogarithmically. The other characteristics required forthe choice of size intervals are that they should allowfor a s u f f i c i e n t number of size classes, while s t i l t re-taining a s t a t i s t i c a l l y valid number of structures ineach class. I n t e r p r e t a t i o n is also f a c i l i t a t e d If each sizeclass repeats at 10 interval s , and if 5 nm is a sire classboundary. A ratio from one class to the next of 1,468s a t i s f i e s all of these requirements and this value sha l lbe used. The dis tributions, being a p p r o x i m a t e l ylogarithmic-normal, when presented g r a p h i c a l l y , shallbe p l o t t ed using a logari thmic ordinate scale and aGaussian abscissa.
F4J.1 Calculation of structure l engthcumulative number distribution
T h i s d i s tr ibut ion allows the frac t ion of the total num-ber of structures either shorter or longer than a givenl ength to be determined. It is calculated using thef o l l o w i n g equation;

t - i

where
C(P)t is the cumulative number percentage ofstructures which have lengths less thanthe upper bound of the *th class;
n, is the number of structures in. the ithlength class;
f is the total number of l ength classes.
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F.S.2 Calcu la t i on of structure widthcumulative number distribution
This d i s tr ibut ion allows the f r a c t i o n of the total num-ber of structures either narrower or wider than a givenwidth to be determined. It is calculated in a s imilarway to that used in F.5.1, but using the structurewidths.

F.6.3 Calculation of structure aspect ratiocumulative number diatribution
This d i s tr ibu t ion allows the frac t ion of the total num-ber of structures which have aspect ratios eithersmaller or larger than a given aspect ratio to be de-termined. It is calculated in a similar way to that usedin F.5.1. but using the structure aspect ratios.

T a b l e F.I — Upper and lower limits ef the Poissonieo 95 % confidence Interval of a count
Structurecount
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182.56191.89201.24210.60219.97229.36238.75248.16257.58207.01276.45285.90295.36304.82314.29323.77333,26342.75352.25361.76371.27380.79390.32399.85409.38418.92428.47

Upper limit
112.83113.94
115.04116,14
117.2*118.34
118.44
120.53121.66132.61143.52154.39165.23176.04186.83197.59208.33219,06229.75240.43
251.10261.78272.39283,01293.62304.23314.82325.3933S.06346.52357.08367.62378,15388.68399.20409.71420.22430.72441,21451.69
462.18472.65483.12493,58504.04514.50

46



e i S O ISO 10312:1995(E)

Annex 0( i n f o r m a t i v e )
Strat eg i e s for collection of air samples

6.1 General
An important pan of the sampl ing strategy is a state-ment of the purpose of the sampling programme. As u f f i c i e n t number of samples should be collected 90that the site is well characterized to the precision andaccuracy desired, and also ensure that sample fu t er sappropr ia t e ly loaded for Tf M analysis are obtainedfrom all of the sampl ing locations.
G.2 Air sampl* collection in thtoutdoor* environment
Weather conditions restrict the abi l i ty to collect satis-fac tory air samples in the outdoors environment, andwhenever pos s ib le , s ampl ing should be carried out intow-wind, tow-humidity conditions. Detailed records
of ( l x » weather conditions, windspeed and directionduring the sampl ing period should be made. All avail*able information concerning local topography, and thetypes and positions of sources should be recorded.
Sequential mul t ipo in t sampl ing is necessary to pro-vide adequate characterization of complex sites endsources. It is recommended that m u l t i p l e samples aretaken upwind and downwind of the site, with a mini-

mum of two samples in the downwind position ex-pected to experience the maximum airborneconcentration. The locations of the samplers shouldbe careful ly recorded.
G.3 Air tampl* collection fraud*building*
Air samples are o f t en collected inside b u i l d i n g s inwhich asbestos-containing construction materials arepresent in order to determine whether these materi-als contribute to the asbestos f i b r e concentration inthe building atmosphere. T>e 'opt imum pos i t ions forcollection of air samples can only be determined a f t e ra complete survey of the building to establish airmovement patterns. Multiple sample s should be col-lected in the .area where asbestos b u i l d i n g material sare present, and control camples should be collectedin an adjacent area where no airborne asbestos f ibre swould be expected. The intakes for air condi t i oningsystems are f r equen t ly used as the collection lo-cations for control samples. Whenever pos s ib l e , staticsamples should be taken over a period exceeding
4 h during normal activity in the b u i l d i n g , at f a c e ve-locities of between 4 cm/s and 25 cm/s.

47



ISO 10312:1996(6) e l S O

Anntx H(informative)
Methods for removal of gypsum fibres

ft is common to f ind f ibres of calcium s u f f e t e(gypsum) in airborne part i cuJates collected in buMtngsand urban environments, and paniculariy in samplescollected where demolition or construction work is inprogress. The f ibres are reedi fy released when plas-ters end cement products are disturbed In some cir-cumstances, panicles of calche or d o l o m f t e collectedon an air f i l t e r can react with atmospheric sul fur d»ox-hfo. to form long f rbrvjt of gypsum. Gypxum fibnw ongive rise to high fibre counts by both optical andelectron microscopy. The gypsum fibres are o f t en2 ym to 6 i»m long, with aspect ratios greater than10/1. Som*timM, these fibres appear simitar toamphibole asbestos f ibres, and in some samples theycan be morphological ly very similar to chrysolite. Inthe TEM, the larger fibres have high contrast and athigh magnif icat ion o f t en exhibit a characteristicmottled appearance which changes under electronbeam irradiation. Some gypsum fibres, however, erenot easily discriminated from asbestos without ex-amination by EDXA. TEM specimens which containmany eu«h gypsum fibres require an extended exam-ination time in the TEM. because it is necessary to

examine each of these fibres by EDXA before it canbe rejected-
It v possible to remove gypsum fibres selectively bywater extraction. A Jatfe washer (7.3.7), or acondensation washer (7.3.®. should be prepared butusing a water (8.1) as the solvent The TEM speci-mens, which have been previously prepared and ini-tially examined in the TEM. should be placed in thewasher to allow dissolution of the fibres. If a Jaffewasher is used the treatment time can be reducedby heating the washer to 90 *C to 100 *C for a fewminutes. If e condensation washer is used thegypsum fibres will be dissolved by treatment for ap*proximetery 10 mirx The e f f e c t of this treatment is toremove the gypsum fibres, leaving carbon replicas{ 7 J . 1 1 ) which are readily distinguished from asbestosfibres.
NOTE 20 This procedure should be used only when ex>emination of the untreated TEM specimen grids snows thegypsum fibres to be isolated from any asbestos f f e r e spresent losses of asbestos fibres may occur if mttncesof gypsum and asbestos ere exposed to this procedure.
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A S B E S T O S S A M P L I N G S O P # : 2 0 1 5
D A T E : 1 1 / 1 7 / 9 4

REV. #: 0.0

1.0 SCOPE AND APPLICATION
Asbes to s has been used in many commercial product s
including building materials such as f l oor ing t i le s and
sheet goods , paints and coatings, insulation, and
r o o f i n g a sphal t s . T h e s e products and others may be
found at hazardous waste sites hanging on overhead
p i p e s , contained in drums, abandoned in p i l e s , or as
part of a structure. Asbestos t a i l i n g p i l e s from mining
operat ions can also be a source of ambient asbestos
fibers. Asbes to s is a known carcinogen and requires
air s a m p l i n g to assess airborne exposure to human
health. T h i s Standard Operating Procedure (SOP)
provides procedures for asbestos air sampling by
drawing a known volume of air through a mixed
c e l lu lo s e ester (MCE) f i l t e r . The f i l t e r is then sent to
a laboratory for analysis. The U.S. Environmental
Protect ion Agency/Environmental Response Team
(U.S. EPA/ERT) uses one of f our analytical methods
for determining asbestos in air. T h e s e include: U.S.
E P A ' s Environmental Asbes tos Assessment Manual,
S u p e r f u n d Method for the Determination of Asbes to s
in Ambient Air for Transmission Electron Microscopy
( T E M ) ( l ) ; U . S . E P A ' s M o d i f i e d Yamate Method f o r
TEM®; N a t i o n a l Ins t i t u t e for Occupational S a f e t y and
H e a l t h (NTOSH) Method 7402 (direct method only)
for TEM; and NIOSH Method 7400 for Phase
Contrast Microscopy (PCM)O ) . Each method has
s p e c i f i c sampl ing and analytical requirements (i.e.,
sample volume and f l o w rate) for determining
asbestos in air.
T h e U . S . E P A / E R T t y p i c a l l y f o l l o w s procedures
outlined in the TEM methods for determining
mineralogical types of asbestos in air and for
d i s t i n g u i s h i n g asbestos from non-asbestos minerals.The Phase Contrast Microscopy (PCM) method is
used by U.S. EPA/ERT as a screening tool since it is
less co s t ly than TEM. PCM cannot di s t ingui sh
asbestos from non-asbestos fibers, therefore the TEM
method may be necessary to confirm analytical
resul t s . For example, if an action level for the
presence of f iber s has been set and PCM analysis
indicates that the action level has been exceeded, then

TEM analysi s can be used to quant i fy and i d e n t i f y
asbestos structures through examination of their
morpho l ogy crystal structures (through electron
d i f f r a c t i o n ) , and elemental composition (through
energy dispersive X-ray analysis). In this instance
sample s should be c o l l e c t ed for both analyses in side
by side sampling trains (some laboratories are able to
per form PCM and TEM analysis from the same f i l t e r ) .
The S u p e r f u n d method is designed s p e c i f i c a l l y to
provide results suitable for supporting risk
asses sments at S u p e r f u n d sites, it is a p p l i c a b l e to a
wide range of ambient air situations at hazardous
waste sites. U.S. EPA's Modi f i ed Yamate Method for
TEM is also used for ambient air sampling due to high
volume requirements. The PCM and TEM NIOSH
analytical methods require lower sample volumes and
are t y p i c a l l y used indoors; however, ERT will
increase the volume requirement for outdoor
appl i ca t i on .
Other Regulations pertaining to asbestos have been
p r o m u l g a t e d b y U . S . E P A a n d O S H A . U . S . E P A ' s
N a t i o n a l Emission Standards for Hazardous Air
P o l l u t a n t s ( N E S H A P ) regulates asbestos-containing
waste materials. NESHAP establ i shes management
practice s and standards for the handl ing of asbestos
and emissions from waste di sposal operations (40
CFR Part 61, Subpart s A and M). U.S. EPA's 40 CFR
763 (July 1, 1987)( 4 ) and its addendum 40 CFR 763
(October 30,1987) ( 4 ) provide comprehensive rules for
the asbestos abatement industry. Sta t e and local
regulat ions on these issues vary and may be more
stringent than f ed era l requirements. The OSHA
regulat ions in 29 CFR 1910.1001 and 29 CFR
1926.58 s p e c i f y work practices and s a f e t y equipment
such as respiratory protection and protective clothing
when h a n d l i n g asbestos. The OSHA standard for an
8-bour, time-weighted average (TWA) is 0.2
f ibers/cubic centimeters of air. T h i s standard pertains
to f ibers with a length-to-width ratio of 3 to 1 with a
f i b er length >5 um(5'6>. An action level of 0.1 f i b e r / c c(one-half the OSHA standard) is the level U.S. EPA
has es tabli shed in which employers must initiate such
act ivi t i e s as air monitoring, employee training, and



medicah s u r v e i l l a n c e ' 5 - 6 ' .
T h e s e are standard (i.e., t y p i c a l l y a p p l i c a b l e )
operating procedures which maybe varied or changed
as required, d ependent upon site- condi t i ons ,
equipment l imi ta t i on s or l imi ta t ions imposed by the
procedure. In all instances, the u l t i m a t e procedures
employed should be documented and associated with
the f i n a l report.
Mention of trade names or commercial produc t s does
not cons t i tu t e U.S. EPA endorsement or
recommendation for use.
2.0 M E T H O D S U M M A R Y
Prior to s a m p l i n g , the site should be characterized by
i d e n t i f y i n g on-site as well as o f f - s i t e sources of
airborne asbestos. The array of s ampl ing locat ions
and the s chedule for sample c o l l e c t i o n , is critical to
the success of an investigation. Generally, sampling
s t ra t eg i e s to characterize a s ingle point source are
f a i r l y s t ra igh t f o rward , whi l e m u l t i p l e point sourcesand area sources increase the complexity of the
s a m p l i n g strategy. It is not within the scope of this
SOP to provide a generic asbestos air s a m p l i n g plan.
Experience, ob j ec t ive s , and site characteristics wil l
dic ta t e the s a m p l i n g strategy.
During a site inves t igat ion, sampl ing stations should
be arranged to d i s t i n g u i s h s p a t i a l trends in airborne
asbestos concentrations. S a m p l i n g s chedu l e s should
be f a s h i o n e d to e s tab l i sh temporal trends. The
sampl ing strategy t y p i c a l l y requires that the
concentration of asbestos at the source (worst case) or
area of concern (downwind), crosswind, as well as
background (upwind) contributions be q u a n t i f i e d . See
T a b l e 1 ( A p p e n d i x A) for U.S. EPA/ERTrecommended sampling set up for ambient air. Indoor
asbestos s ampl ing requires a d i f f e r e n t type of strategy
which is i d e n t i f i e d in T a b l e 2 ( A p p e n d i x A). It is
important to establish background levels of
contaminants in order to deve lop a reference point
from which to evaluate the source data. F i e l d blanks
and lot blanks can be ut i l ized to determine othersources.
Much informat ion can be derived from each analyt ical
method previously mentioned. Each analytical
method has s p e c i f i c s ampl ing requirements and
produce results which may or may not be a p p l i c a b l eto a s p e c i f i c sampl ing e f f o r t . The site sampling

objectives should be care fu l ly i d e n t i f i e d so as to select
the most a p p r o p r i a t e analytical method. A d d i t i o n a l l y ,
some preparat ion (i.e., lot blanks re sul t s) prior to site
s a m p l i n g may be required, these requirements are
s p e c i f i e d in the analytical methods.
3 . 0 S A M P L E P R E S E R V A T I O N ,

C O N T A I N E R S , H A N D L I N G ,
A N D S T O R A G E

3.1 S a m p l e Preservation
No preservation is required for asbestos samples.
3.2 • S a m p l e H a n d l i n g , Container and

S t o r a g e Procedures
1. Place a sample label on the cassette

i n d i c a t i n g a unique sampl ing number. Donot put sampling cassettes in shirt or coat
pocke t s as the f i l t e r can pick up fibers. The
original cassette box is used to hold the
samples .

2. W r a p the cassette i n d i v i d u a l l y in a p la s t i c
s a m p l e bag. Each bag should be marked
indicat ing sample i d e n t i f i c a t i o n number, total
volume, and date.

3. The wrapped sampl ing cassettes should be
placed upright in a rigid container so that the
cassette cap is on top and cassette base is on
bottom. Use enough packing material to
prevent j o s t l i n g or damage. Do not use
vermiculi te as p a c k i n g material for samples .
If po s s i b l e , hand carry to lab.

4. Provide appropriate documentation with
sampl e s (i.e., chain of custody and requested
analytical me thodo logy).

4 . 0 I N T E R F E R E N C E S A N D
P O T E N T I A L PROBLEMS

F l o w rates exceeding 16 l i t e r s / m i n u t e ( L / m i n ) which
could result in f i l t e r destruction due to (a) f a i l u r e of itsphys ical support under force from the increased
pressure drop; (b) leakage of air around the f i l t e r
mount so that the f i l t e r is bypassed, or (c) damage to
the asbestos structures due to increased impact
veloci t ie s .



4 . 1 U . S . E P A ' s S u p e r f u n d M e t h o d
4.1.1 Direc t- trans f er TEM Spec imen

Preparation M e t h o d s
Direc t -Trans f e r TEM specimen preparat ion methods
have the f o l l o w i n g s igni f i cant interferences:
». The achievable de t e c t i on l imi t is restricted

by the p a r t i c u l a t e d en s i ty on the f i l t e r , which
in turn is contro l l ed by the s a m p l e d air
volume and the total su spended p a r t i c u l a t e
concentration in the atmosphere being
sampled .

» The precision of the result is d ependent on
the un i f ormi ty of the d epo s i t of asbestos
structures on the s ampl e c o l l e c t i on f i l t e r .

• Air sampl e s must be c o l l e c t ed so that they
have par t i cu la t e and f i b e r l oad ing s within
narrow ranges. If too high a par t i cu la t e
l oad ing occurs on the f i l t e r , it is not po s s i b l e
to prepare s a t i s f a c t o r y TEM specimens by a
d i r e c t - t r a n s f e r method. If too high a f i b er
l o a d i n g occurs on the f i l t e r , even if
s a t i s f a c t o r y TEM specimens can be prepared,
accurate f i b e r counting will not be po s s ib l e .

4.1.2 Indire c t TEM S p e c i m e n Preparation
M e t h o d s

Indirec t TEM specimen preparation methods have the
f o l l o w i n g interferences:
• The size di s tr ibut ion of asbestos structures ism o d i f i e d .
• There is increased oppor tuni ty for f i b er loss

or introduction of extraneous contamination.
• When sample co l l e c t ion f i l t e r s are ashed, any

f i b e r contamination in the f i l t e r medium is
concentrated on the TEM specimen grid.

It can be argued that direct methods yield an under-
estimate of the asbestos structure concentration
because many of the asbestos f iber s present are
concealed by other p a r t i c u l a t e material with which
they are associated. Conversely, indirect methods can
be considered to yie ld an over-estimate because some
t y p e s of c omplex asbestos structures di s integrate

during the pr epara t i on , r e s u l t i n g in an increase in the
numbers of structures counted.
4 . 2 U . S . E P A ' s M o d i f i e d Y a m a t e

M e t h o d f o r T E M
H i g h concentrations of background dust inter f ere with
f i b er i d e n t i f i c a t i o n .

4 . 3 N I O S H Method f o r T E M
Other a m p h i b o l e p a r t i c l e s that have aspect ratios
greater than 3:1 and elemental compositions similar to
the asbestos minerals may in t er f er e in the TEM
analysis . Some non-amphibole minerals may give
electron d i f f r a c t i o n patterns s imilar to amphibole s .
H i g h concentrations of background dust in t er f ere with
f i b e r i d e n t i f i c a t i o n .
4.4 NIOSH Method for PCM
PCM cannot d i s t ingui sh asbestos from non-asbestos
f i b er s; there fore , all par t i c l e s meeting the counting
criteria are counted as total asbestos f iber s . Fiber less
than 0.25 urn in length will not be detected by this
method. H i g h l eve l s of non-fibrous dust par t i c l e s may
obscure f i b er s in the f i e l d of view and increase the
detec t ion l imit .
5.0 E Q U I P M E N T / M A T E R I A L S
5.1 S a m p l i n g P u m p
The constant f l o w or critical or i f i c e contro l l ed
s a m p l i n g pump should be capable of a f low-rate and
p u m p i n g time s u f f i c i e n t to achieve the desired volume
of air sampled.
The lower f l o w personal s a m p l i n g pumps g e n e r a l l y
provide a f l o w rate of 20 cubic centimeters/minute
(cc/min) to 4 L/min. Thes e p u m p s are u sual ly battery
powered. H i g h f l o w pumps are u t i l i z ed when f l o w
rates between 2 L / m i n to 20 L / m i n are required. H i g hf l o w pumps are used for short s a m p l i n g periods so as
to obtain the desired sample volume. H i g h f l o w
p u m p s usual ly run on AC power and can be p l u g g e d
into a nearby outlet. If an outlet is not available then
a generator should be obtained. The generator should
be po s i t i oned downwind from the s a m p l i n g pump.
A d d i t i o n a l vo l tage may be required if more than one
p u m p is p l u g g e d into the same generator. Several



electrical extension cords may be required if s a m p l i n g
locat ions are remote.
The recommended volume for the S u p e r f u n d method
(Phase I) requires a p p r o x i m a t e l y 20 hours to co l l ec t .
S u c h pumps t y p i c a l l y draw 6 amps at full power so
that 2 l ead/ac id batteries should provide s u f f i c i e n tpower to col lec t a full sample . The use of l ine
v o l t a g e , where a v a i l a b l e , e l iminate s the d i f f i c u l t i e s
associated with transport ing stored electrical energy.
A stand should be used to hold the niter cassette at the
desired height for sampl ing and the f i l t e r cas s e t t e sha l l
be i solated from the vibrations of the pump.
5.2 F i l t e r C a s s e t t e
The cassettes are purchased with the required f i l t e r s inposition, or can be assembled in a laminar f l o w hood
or clean area. When the f i l t e r s are in position, a
shrink c e l l u l o s e band or adhesive tape should be
a p p l i e d to cassette j o in t s to prevent air leakage.
5.2.1 TEM Casse t te Requirements
Commerc ia l ly avai lable f i e l d monitors, compris ing
25 mm diameter three-piece cassettes, with
conductive extension cowls shall be used for sample
co l l e c t i on . The casset te must be new and not
previously used. The cassette shall be loaded with an
MCE f i l t e r of pore size 0.45 um, and s u p p l i e d from a
lot number which has been q u a l i f i e d as low
background for asbestos determination. The cowls
shou ld be constructed of e l e c t r i c a l l y conducting
material to minimize e lec tros tat i c e f f e c t s . The f i l t e r
s h a l l be backed by a 5 um pore size MCE f i l t e r
(Figure 1, A p p e n d i x B).
5.2.2 PCM Cas s e t t e Requirements
NIOSH Method 7400, PCM involves using a 0.8 to
1.2 um mixed c e l l u l o s e ester membrane, 25 mm
diameter, 50 mm conductive cowl on cassette (Figure
2, A p p e n d i x B). Some labs are able to p e r f o rm PCM
and TEM analysi s on the same f i l t e r ; however, thisshould be discussed with the laboratory prior to
sampl ing.
5.3 Other Equ ipment
• Inert tubing with glas s cyclone' and hose barb• W h i r i b a g s ( p l a s t i c bags) for cas s e t t e s

• T o o l s - small screw drivers
• Conta iner - to keep sample s upright
• Generator or electrical outlet (may not be

required)
• Extension cords (may not be required)
• M u l t i p l e p l u g outlet
• S a m p l e label s» Air data sheets
• Chain of Cus t ody records
6.0 R E A G E N T S
Reagents are not required for the preservation of
asbestos samples .

7.0 PROCEDURES
7.1 Air V o l u m e s and F l o w Rates
S a m p l i n g volumes are determined on the basis of how
many f i b e r s need to be col lec ted for r e l iab l e
measurements. T h e r e f o r e , one must es t imate how
many airborne fibers may be in the sampling location.
S i n c e the concentration of airborne aerosol
contaminants will have some e f f e c t on the sample, the
f o l l o w i n g is a sugges ted criteria to assist in s e l e c t i n g
a f l o w rate based on real-time aerosol monitor ( R A M )
readings in m i l l i g r a m s / c u b i c meter (mg/m 3).

Concentration F l o w Rate
• Low RAM readings: <6.0mg/m 3 11-15. L / m i n
• Medium RAM readings:>6.0mg/m3 7.5 L/min
• H i g h RAM readings: > 10. mg/m 3 2.5 L / m i n
In practice, pumps that are available for environmental
s a m p l i n g at remote locat ions operate under a
maximum load of approx imat e ly 12 L/min.
7.1.1 U . S . E P A ' s S u p e r f u n d Method
The S u p e r f u n d Method incorporates an indirect
preparat ion procedure to provide f l e x i b i l i t y in theamount of d e p o s i t that be can be tolerated on the
s a m p l e f i l t e r and to a l l ow for the s e l ec t iveconcentration of asbestos prior to analysis. To
minimize contributions to background contamination
from asbestos present in the p l a s t i c matrices of
membrane f i l t e r s while a l l o w i n g f or s u f f i c i e n t
quantities of asbestos to be c o l l e c t e d , this method also
requires the c o l l e c t i o n of a larger volume of air per
unit area of f i l t e r than has t r a d i t i o n a l l y been co l l e c t ed



for asbestos analysis. Due to the need to co l l e c t large
volumes of air, higher s a m p l i n g f l o w rates are
recommended in this method than have g enera l ly been
e m p l o y e d for asbestos s a m p l i n g in the past. As an
alternative, samples may be c o l l e c t ed over longer time
intervals. However, thi s restricts the f l e x i b i l i t y
required to a l l o w s a m p l e s to be c o l l e c t ed whileuniform meteorological condi t ions prevail.
The s a m p l i n g rate and the period of s a m p l i n g should
be se lec ted to yield as h igh a sampl ed volume as
po s s i b l e , which wi l l minimize the i n f l u e n c e of M i t e r
contamination. Wherever p o s s i b l e , a volume of 15
cubic meters (15,000 L) shall be sampled for those
s ampl e s intended for analysis only by the indirect
TEM preparation method (Phase 1 samples). For
those samples to be prepared by both the indirect and
the direct specimen preparation methods (Phase 2
sample s), the volumes must be a d j u s t e d so as to
provide a suitably-loaded f i l t e r for the direct TEM
preparation method. One op t ion is to co l l e c t f i l t e r s at
several l oad ing s to bracket the estimated opt imum
l o a d i n g for a par t i cu lar site. Such f i l t e r s can be
screened in the laboratory so that only those f i l t e r s
closest to optimal loading are analyzed. It has been
f o u n d that the volume cannot normal ly exceed 5 cubic
meters (5000 L) in an urban or agricultural area, and
10 cubic meters (10,000 L) in a rural area for samples
c o l l e c t ed on a 25 mm f i l t e r and prepared by a direct-
t ran s f e r technique.
An upper limit to the range of accep tab l e f l o w rates
for this method is 15 L/min. At many locations, wind
patterns exhibit strong diurnal variations. T h e r e f o r e ,
in t ermit t ent sampling ( sampl ing over a f i x e d time
interval repeated over several days) may be necessary
to accumulate 20 hours of sampl ing time over constant
wind conditions. Other s a m p l i n g ob j e c t iv e s also may
necessitate intermittent sampl ing. The ob j ec t ive is to
d e s i g n a s a m p l i n g s chedule so that samples are
co l l e c t ed under uniform conditions throughout the
s a m p l i n g interval. T h i s method provide s for such
options. Air volumes co l l e c t ed on Phase I samples
are maximized (<16 L/min). Air volumes co l l e c t ed
on Phase 2 sample s are l i m i t e d to provide optimum
l o a d i n g for f i l t e r s to be prepared by a d irec t- trans f er
procedure.
7.1.2 U.S. E P A ' s M o d i f i e d Yamate

Method f o r T E M
U.S. EPA's TEM method requires a minimum volume

of 560 L and a maximum volume of 3,800 L in order
to obtain an analyt i ca l s ens i t iv i ty of 0.005
struc ture s / c c . The optimal volume for TEM is 1200
L to 1800 L. T h e s e volumes are determined using a
200 mesh EM grid opening with a 25-mm f i l t e r
cassette. Changes in volume would be necessary if a
37-mm f i l t e r ca s s e t t e is used since the e f f e c t i v e area
of a 25 mm (385 sq mm) and 37 mm (855 sq m)
d i f f e r .
7.1.3 NIOSH Method for TEM and PCM
The minimum recommended volume for TEM and
PCM is 400 L at 0.1 f i b e r / c c . S a m p l i n g time is
a d j u s t e d to obtain optimum f i b e r l oad ing on the f i l t e r .
A s a m p l i n g rate of 1 to 4 L / m i n for eight hours (700
to 2800 L) is appropr ia t e in non-dusty atmospheres
containing 0.1 f i b e r / c c . Dusty atmospheres i.e., areas
with high l ev e l s of asbestos, require smal ler s ampl e
volumes (<400 L) to obtain countable samples.
In such cases, take short, consecutive sample s and
average the result s over the total co l l e c t ion time. For
documenting ep i s od i c exposures, use high f l o w rates
(7 to 16 L / m i n ) over shorter sampl ing times. In
r e l a t i v e l y clean atmospheres where targeted f i b e r
concentrat ions are much less than 0.1 f i b e r / c c , use
larger sample volumes (3,000 to 10,000 L) to achieve
q u a n t i f i a b l e l oadings . Take care, however, not to
overload the f i l t e r with background dust. If > 50% of
the f i l t e r s u r fa c e i s covered with par t i c l e s , the f i l t e r
may be too overloaded to count and wil l bias the
measured f i b e r concentration. Do not exceed 0.5 mg
total dust l o a d i n g on the f i l t e r .
7.2 C a l i b r a t i o n Procedures
In order to determine if a s a m p l i n g pump is measuring
the f l o w rate or volume of air correctly, it is necessary
to calibrate the instrument. S a m p l i n g pumps should
be calibrated immediate ly before and a f t e r each use.
Prel iminary calibration should be conducted using a
primary calibrator such as a soap bubble type
calibrator, (e.g., a Buck Calibrator, Gi l i bra tor , or
equivalent primary cal ibrator) with a representative
f i l t e r cassette ins tal led between the pump and the
calibrator. The representative sampling cas se t te can
be reused for cal ibrat ing other pumps that wi l l be used
for asbestos sampling. The same cassette lot used for
s a m p l i n g should also be used for the calibration. A

•sticker should be a f f i x e d to the out s ide of the
extension cowl marked "Calibration Cassette."



A rotameter can be used provided it has been recent ly
precalibrated with a primary calibrator. Thre e
separate constant f l o w cal ibration readings should be
obtained both before s a m p l i n g and a f t e r sampl ing.
Should the f l o w rate change by more than 5% during
the sampl ing period, the average of the pre- and post-
cal ibrat ion rates wi l l be used to ca l cu la t e the total
s a m p l e volume. The s a m p l i n g pump used shall
provide a n o n - f l u c t u a t i n g air-flow through the f i l t e r ,
and shall maintain the initial volume f low-rate to
within ± 10% throughout the s a m p l i n g period. The
mean value of these f l ow-rat e measurements shall be
used to ca l cu la t e the total air volume sampl ed . A
constant f l o w or critical ori f ice controlled p u m p meets
these requirements. If at any time the measurement
indi ca t e s that the f low-rate has decreased by more
than 30%, the s a m p l i n g shall be terminated. F l e x i b l e
tubing is used to connect the f i l t e r cassette to the
s a m p l i n g p u m p . S a m p l i n g pumps can be calibrated
prior to coming on-site so that time is saved when
per f o rming on-site calibration.
7.2.1 Cal i bra t ing a Personal S a m p l i n g

Pump with an Electronic Calibrator
1. See M a n u f a c t u r e r ' s manual for operational

instructions.
2. Set up the calibration train as shown in

( F i g u r e 3, A p p e n d i x B) using a s a m p l i n g
pump, electronic calibrator, and a
representat ive f i l t e r cassette. The same lo t
s a m p l i n g cassette used for s a m p l i n g should
also be used for cal ibrating.

3. To set up the calibration train, attach one end
of the PVC tubing (approx. 2 f o o t ) to the
cas s e t t e base; attach the other end of the
tubing to the inlet p l u g on the pump.
Another piece of tubing is attached from the
cassette cap to the e l ec tronic calibrator.

4. Turn the electronic calibrator and s a m p l i n g
pump on. Create a bubble at the bottom of
the f l o w chamber by pres s ing the bubble
ini t ia te button. The bubble should rise to the
top of the f l o w chamber. After the bubble
runs its course, the f l o w rate is shown on the
LED di sp lay.

5. T u r n the f l o w a d j u s t screw or knob on the
p u m p until the desired f l o w rate is a t tained.

6. Perform the calibration three times until the
desired f l o w rate of ± 5% is at tained.

7.2.2 C a l i b r a t i n g a Rotameter with an
Electronic Cal ibrator

1. See m a n u f a c t u r e r ' s manual for operationalinstructions.
2. Set up the calibration train as shown in

( F i g u r e 4, A p p e n d i x B) using a s a m p l i n g
pump, rotameter, and electronic calibrator.

3. Assemble the base of the f l o w meter with the
screw provided and t ighten in place. The
f l o w meter should be mounted within 6°
vertical.

4. Turn the electronic calibrator and s a m p l i n g
pump on.

5. Create a bubble at the bottom of the f l o w
chamber by press ing the bubble i n i t i a t ebutton. The bubble should rise to the top of
the f l o w chamber. After the bubble runs its
course, the f l o w rate is shown on the LED
d i s p l a y .

6. Turn the f l o w ad ju s t screw or knob on the
pump until the desired f l o w rate is attained.

7. Record the electronic calibrator f l o w rate
reading and the corresponding rotameter
reading. I n d i c a t e these values on the
rotameter (sticker). The rotameter should be
able to work within the desired f l o w range.
R e a d i n g s can also be calibrated for 10 cm3

increments for Low F l o w rotameters, 500
cm 3 increments for medium f l o w rotameters
and 1 l i t er increments for high f l o w
rotameters.

8. Perform the calibration three times until the
desired f l o w rate of ± 5% is attained. Once
on site, a secondary calibrator, i.e., rotameter
may be used to calibrate s ampl ing pumps.

7.2.3 Cal ibra t ing a Personal S a m p l i n g
Pump with a Rotameter

1. See m a n u f a c t u r e r ' s manual for R o t a m e t e r ' s
Operational Instruct ions.



2. Set up the calibration train as shown in
( F i g u r e 5, A p p e n d i x B) using a rotameter,
s a m p l i n g pump, and a representative
s a m p l i n g cassette.

3. To set up the calibration train, attach one end
of the PVC tubing (approx. 2 ft) to the
cas s e t t e base; attach the other end of thetubing to the inlet p l u g on the pump.
Another piece of tubing is attached from thecassette cap to the rotameter.

4. Assemble the base of the f l o w meter with the
screw provided and tighten in place. The
f l o w meter should be mounted within 6°
vertical.

5. Turn the s a m p l i n g pump on.
6. Turn the f l o w a d j u s t screw (or knob) on the

personal sampl ing pump until the f l o a t ball
on the rotameter is lined up with the
pre ca l i bra t ed f l o w rate value. A sticker on
the rotameter should indicate this value.

7. A ver i f i ca t i on of cal ibration is general ly
p e r f o r m e d on-site in the clean zone
immediate ly prior to the sampl ing.

7.3. Met eoro l ogy
It is recommended that a meteorological station be
e s t a b l i s h e d . If po s s i b l e , sampl e a f t e r two to three
days of dry weather and when the wind conditions are
at 10 mph or greater. Record wind speed, wind
direction, temperature, and pressure in a f i e l d logbook.
W i n d direction is p a r t i c u l a r l y important when
monitoring for asbestos downwind from a f i x e d
source.
7.4 Ambient S a m p l i n g Procedures
7.4.1 Pre-site S a m p l i n g Preparation
1. Determine the extent of the sampl ing e f f o r t ,

the s ampl ing methods to be employed, and
the types and amounts of equipment and
s u p p l i e s needed.

2. Obtain necessary s a m p l i n g equipment and
ensure it is in working order and f u l l y
charged (if necessary).

5.

Perform a general site survey prior to site
entry in accordance with the site s p e c i f i c
H e a l t h and Saf e ty plan.
Once on-site the calibration is p er formed in
the clean zone. The calibration procedures
are l i s t ed in Sect ion 7.2.
A f t e r calibrating th e sampl ing pump,
mobilize to the s a m p l i n g location.

7.4.2 S i t e S a m p l i n g
1. To set up the s a m p l i n g train, attach the airintake hose to the cassette base. Remove the

casset te cap (Figure 6 and 7, A p p e n d i x B).
The cassette should be positioned downward,
perpendi cu lar to the wind

2. If AC or DC electrici ty is required then turn
it on. If used, the generator should be placed
10 ft downwind from the sampl ing pump.

3. Record the f o l l o w i n g in a f i e l d logbook:
date, time, locat ion, sample i d e n t i f i c a t i o n
number, pump number, f l o w rate, and
cumulative time.

4. T u r n the pump on. S h o u l d intermittent
s a m p l i n g be required, sampling f i l t e r s must
be covered between active periods of
sampling. To cover the sample f i l t er: turn
the cassette to face upward, p lace the
cassette cap on the cassette, remove the inlet
p l u g from the cassette cap, attach a rotameter
to the inlet opening of the cassette cap to
measure the f l o w rate, turn off the sampl ingp u m p , p l a c e the inlet p l u g into the inlet
o p e n i n g on the cassette cap. To resume
s ampl ing: remove the inlet p l u g , turn on the
s a m p l i n g pump, attach a rotameter to
measure the f l o w rate, remove the cassette
cap, replace the inlet p l u g in the cassette cap
and invert the cassette, face downward and
p e r p e n d i c u l a r to the wind.

5. Check the pump at sampling midpoint if
s a m p l i n g is longer than 4 hours. The
generators may need to be regased depend ing
on tank size. If a f i l t e r darkens in appearance
or if loose dust is seen in the f i l t e r , a second
s a m p l e should be started.



6. At the end of the s a m p l i n g per iod, orient the
cassette up, turn the pump off .

7. Check the f l o w rate as shown in S e c t i o n
7.2.3. When s a m p l i n g open- fa c ed , the
sampl ing cap should be rep laced be fore post
c a l i b r a t i n g . Use the same cas se t te used for

" s a m p l i n g for post ca l i bra t i on (increase
d u s t / f i b e r l o a d i n g may have altered the f l o w
rate.

8. Record the post f l o w rate.
9. Record the cumulative time or run.
10. Remove the tub ing f r o m the s a m p l i n g

cassette. St i l l h o l d i n g t h e cassette upr igh t ,
replace the inlet p l u g on the cassette cap and
the outle t p l u g on the casse t te base.

7.4.3. Post Site S a m p l i n g
1. F o l l o w handl ing procedures in Sec t i on 3.2,

steps 1-4.
2. Obtain an electronic or hard copy of

meteorological data which occurred during
the s a m p l i n g event. Record weather: wind
s p e ed , ambient temperature, wind direct ion,
and pre c ip i ta t i on . Obtaining weather data
several days prior to the s a m p l i n g event can
also be u s e f u l .

7.5 I n d o o r S a m p l i n g Procedure s
PCM analys i s is used for indoor air samples . When
analys i s shows total f iber count above the O S H A
action level 0 .1 f / c c then TEM (U.S. .EPA's M o d i f i e d
Y a m a t e M e t h o d ) is used to i d e n t i f y asbestos from
non-asbestos f ibers.
S a m p l i n g pumps should be p laced f our to f i v e f e e t
above ground level away from obstructions that may
i n f l u e n c e air f l ow . The pump can be p l a c e d on a tab l e
or counter. Refer to T a b l e 2 ( A p p e n d i x A) for a
summary of indoor s a m p l i n g locat ions and rationale
for selection.
I n d o o r s a m p l i n g u t i l i z e s high f l o w rates to increased
sample volumes (2000 L for PCM and 2800 to 4200 L
for TEM) in order to obtain lower detect ion l imi t s
below the standard, (i.e., 0.01 f/cc or lower [PCM]

and 0.005 s truc ture s / c c or lower [TEM]).
7.5.1 A g g r e s s i v e S a m p l i n g Procedures
S a m p l i n g equipment at f i x e d locations may f a i l to
detect the presence of asbestos f iber s . Due to l i m i t e d
air movement, many fibers may s e t t l e out of the air
onto the f l o o r and other surfaces and may not be
captured on the f i l t e r . In the pas t , an 8-hour s a m p l i n g
period was recommended to cover various air
c i r cu la t i on conditions. A quicker and more e f f e c t i v e
way to capture asbestos f i b er s is to c irculate the air
a r t i f i c i a l l y so that the f i b er s remain airborne during
sampling. The results from this sampl ing option
t y p i f i e s worst case condition. T h i s is referred to as
aggressive air s ampl ing for asbestos. Ref er to T a b l e 2
for sample station locations.
1. Before s t ar t ing the s a m p l i n g pumps , direct

forced air (such as a 1-horsepower l e a f
blower or large fan) against wal l s , c e i l ing s ,
f l o o r s , l e d g e s , and other surfaces in the room
to i n i t i a l l y d i s l o d g e f ibers from surfaces.
T h i s should take at least 5 minutes per 1000
sq. ft of f l o or .

2. Place a 20-inch fan in the center of the room.
(Use one fan per 10,000 cubic f e e t of room
spac e .) Place the fan on slow speed and
point it toward the cei l ing.

3. F o l l o w procedures in S e c t i o n 7.4.1 and 7.4.2
(Turn off the pump and then the f a n ( s ) when
s ampl ing is complete.).

4. F o l l o w handl ing procedures in S e c t i o n 3.2,steps 1-4.
8.0 CALCULATIONS
The s a m p l e volume is ca l cu la t ed from the average
f l o w rate of the pump m u l t i p l i e d by the number of
minutes the pump was running (volume = f l o w rate X
time in minutes). The sample volume should be
submitted to the laboratory and i d e n t i f i e d on the chain
of custody for each sample (zero for lot, f i e l d and trip
blanks).
The concentration result is ca l cu lated using the
sample volume and the numbers of asbestos structures
reported a f t e r the a p p l i c a t i o n of the c luster and matrix
counting criteria.



9 . 0 Q U A L I T Y A S S U R A N C E /
Q U A L I T Y C O N T R O L

F o l l o w all QA/QC requirements from the laboratories
as wel l as the analytical methods.
9.1 TEM Requirements
1. Examine lot blanks to determine the

background asbestos structure concentration.
2. Examine f i e l d blanks to determine whetherthere is contamination by extraneous

asbestos structures during specimen
preparation.

3. Examine of laboratory blanks to determine if
contamination is being introduced during
critical phases of the laboratory program.

4. To determine if the laboratory can
s a t i s f a c t o r i l y analyze sample s of known
asbestos structure concentrations, reference
f i l t e r s shal l be examined. Reference f i l t e r s
should be maintained as part of the
l a b o r a t o r y ' s Qual i ty Assurance program.

5. To minimize subjec t ive e f f e c t s , some
specimens should be recounted by a d i f f e r e n tmicroscopi s t .

6. Asbes tos laboratories shall be accredited bythe National Voluntary Laboratory
Accredi tat ion Program.

7. At this time, performance evaluation sample sfor asbestos in air are not avai lab l e for
Removal Program A c t i v i t i e s .

9.2 PCM Requirements
1. Examine reference s l i d e s of knownconcentration to determine the analyst's

ab i l i ty to s a t i s f a c t o r i l y count f ibers .
Reference s l id e s should be maintained as
part of the l a b o r a t o r y ' s quali ty assurance
program.

2. Examine f i e l d blanks to determine if there is
contamination by extraneous structures
during sample handl ing.

3. S o m e s a m p l e s should be re labe l ed then
submitted for counting by the same analyst to
determine p o s s i b l e bias by the analyst.

4. P a r t i c i p a t i o n in a pro f i c i en cy t e s t ing program
such as the AIHA-NIOSH prof i c i ency
ana ly t i ca l te s t ing (PAT) program.

10.0 D A T A V A L I D A T I O N
R e s u l t s of q u a l i t y control sample s will be evaluated
for contamination. T h i s information will be u t i l i z ed
to q u a l i f y the environmental sample results
accordingly with the projec t ' s data qual i ty objec t ives .
11.0 H E A L T H A N D S A F E T Y
When working with p o t e n t i a l l y hazardous material s ,
f o l l o w U . S . EPA, OSHA, and corporate health and
s a f e t y procedures. More s p e c i f i c a l l y , when entering
an unknown situation involving asbestos, a powered
air p u r i f y i n g respirator (PAPR) (full fac e-p i e c e) is
necessary in conjunction with HEPA f i l t e r cartridges.
See a p p l i c a b l e regulations f or action l eve l , PEL, TLV,
etc. If previous sampling indicates asbestos
concentrations are below personal heal th and s a f e t y
l eve l s , then Level D personal protection is adequate.
12.0 R E F E R E N C E S

( l > Environmental Asbe s to s Assessment
Manual , S u p e r f u n d Method for the
Determinat ion of Asbe s t o s in Ambient Air,
Part 1: M e t h o d , EPA/540/2-90/005a, May
1990, and Part 2: Technical Background
Document, EPA/540/2-90/005b, May 1990.

c ) M e t h o d o l o g y for the Measurement of
Airborne Asbes to s by Electron Micro s copy,
EPA's Report No. 68-02-3266, 1984, G.
Yamate , S.C. Agarwal , and R. D. Gibbons.

(3)

(4)

N a t i o n a l I n s t i t u t e f o r Occupational S a f e t y
and H e a l t h . NIOSH Manual o f A n a l y t i c a l
Method. Third Edition. 1987.
U.S. Environmental Protection Agency.
C o d e of F e d e r a l Regulations 40 CFR 763.
July 1, 1987. Code of Federal Regulat ions
40 CFR 763 A d d e n d u m . October 30, 1987.



U.S. Environmental Protec t ion Agency. <« Occupat ional S a f e t y and H e a l t h
A s b e s t o s - C o n t a i n i n g M a t e r i a l s in S c h o o l s ; Adminis trat ion. Code of Federal Regulat ions
Final Rule and N o t i c e . 52 FR 41826. 29 CFR 1910.1001. Wash ing ton , D.C.1987.
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A P P E N D I X A
T a b l e s

T A B L E 1.
S A M P L E S T A T I O N S F O R OUTDOOR S A M P L I N G

S a m p l e S t a t i o n
Location
U p w i n d / B a c k g r o u n d ' 0

Downwind

S i t e Representat ive
and/or Worst Case

S a m p l e Numbers •

Col l e c t a minimum of two simultaneous
upwind/background samples 30° apart
from the prevai l ing windl ines .

Deploy a minimum of 3 sampl ing s tat ions
in a 180 degree arc downwind from the
source.

Obtain one site representative sample
which shows average condition on-site or
obtain worst case sample ( o p t i o n a l ) .

Rationale

Establ i she s background f i b er levels.

I n d i c a t e s if asbestos is leaving
site. the

V e r i f y and cont inual ly confirm and
document selection of proper levelsof worker protec t ion.

( 1 > More than one background station may be required if the asbestos originates from d i f f e r e n t sources.

11



A P P E N D I X A ( C o n t ' d )
T a b l e s

TABLE 2
S A M P L E S T A T I O N S F O R I N D O O R S A M P L I N G

S a m p l e S t a t i o n
Location

S a m p l e Numbers Rationale

Indoor S a m p l i n g If a work site is a s ingle room, disperse 5
samplers throughout the room.
If the work site contains up to 5 rooms, p lace
at least one sampler in each room.
If the work site contains more than 5 rooms,
select a representative sample of the rooms.

Establ i she s representative sample s
from a homogeneous area.

Upwind/Background If ou t s id e sources are suspected,
d e p l o y a minimum of two simultaneous
upwind/background samples 30° apart from
the p r e v a i l i n g windlines.

Establish whether indoor asbestos
concentrations are coming from an
out s ide source.

Worst Case Obtain one worst case sample, i.e.,
aggressive s a m p l i n g (op t i ona l).

V e r i f y and cont inual ly conf irm and
document selection of proper l eve l s
of worker protection.
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A P P E N D I X B
Figure s

FIGURE 1. Transmis s ion Electron Micro s c opy Fil t er Cas s e t t e

W L E T P L U B

C A S S E T T E C A P

EXTENSION COM.

.45 urn PORE MCE FILTER

5 urn UCE DIFFUSE*
SUPPORT PAD

O U T L E T P L U G

C A S S E T T E B A S E

13



A P P E N D I X B ( C o n t ' d )
Figure s

FIGURE 2. Phase Contrast Microscopy Fil t er Cas s e t t e

INLET PLUC

C A S S E T T E C A P

E X T E N S I O N COWL

0.6 - 1.2 urn PORE MCE FILTER
*

SUPPORT PAD
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14



A P P E N D I X B ( C o n t ' d )
F i g u r e s

FIGURE 3. C a l i b r a t i n g a Personal S a m p l i n g Pump with a Bubble Meter

" — F I L T E R C A S S E T T E

G i l i o n
"H-

I T I
B U B B L E M E T E R / E L E C T R O N I C persona| S a m p l i n g P u m pC A L I B R A T O R
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A P P E N D I X B ( C o n t ' d )
F i g u r e s

FIGURE 4. C a l i b r a t i n g a Rotameter with a Bubble Meter

B U B B L E M E T E R / E L E C T R O N I CC A L I B R A T O R Personal S a m p l i n g P u m p
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A P P E N D I X B ( C o n t ' d )
F i g u r e s

FIGURE 5. Calibrating a S a m p l i n g Pump with a Rotameter

F I L T E R C A S S E T T E

=if
I .. J

Personal S a m p l i n g P u m p
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A P P E N D I X B ( C o n t ' d )
F i g u r e s

FIGURE 6. Personal S a m p l i n g T r a i n for Asbe s t o s

O U T L E T P L U G
(LZL

S A M P L I N G C A S S E T T E P V C T U B I N G

A I R I N L E T P L U G ,

REMOVE C A S S E T T ECAP BEFORE PUMPI S A C T I V A T E D

Personal S a m p l i n g P u m p
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A P P E N D I X B ( C o n t ' d )
F i g u r e s

FIGURE 7. H i g h F l o w S a m p l i n g Train for Asbestos
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S O I L S A M P L E P R E P A R A T I O N

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
homogenizing surface soil samples. T h i s procedure will be used by employees of U S E P A
Region 8 and by contractors/subcontractors supporting U S E P A Region 8 pro j e c t s and tasks.
Thi s SOP describes the equipment and operations used for homogenizing surface soil samples in
a manner that will produce data that can be used to support risk evaluations. S i t e - s p e c i f i c
deviations from the procedures outlined in this document must be approved by the U S E P A
Region 8 Remedial Project Manager, or Regional Toxico log i s t prior to initiation of the sampling
activity.
2.0 RESPONSIBILITIES
The F i e l d Project Leader (FPL) may be an U S E P A employee or contractor who is responsible for
overseeing the surface soil sampling activities. The FPL is also responsible for checking all work
performed and verifying that the work s a t i s f i e s the s p e c i f i c tasks outlined by this SOP and the
Project Plan. It is the responsibil i ty of the FPL to communicate with the F i e l d Personnel
regarding s p e c i f i c col lec t ion object ives and anticipated situations that require any deviation from
the Projec t Plan. It is also the re sponsib i l i ty of the FPL to communicate the need for any
deviations from the Projec t Plan with the appropriate U S E P A Region 8 personnel (Remedial
Project Manager, or Regional T o x i c o l o g i s t ) .
F i e l d personnel performing surface soil sampling are responsible for adhering to the a p p l i c a b l e
tasks outlined in this procedure while homogenizing surface soil samples.
3.0 E Q U I P M E N T
• General purpose laboratory oven - must be capable of maintaining a constant temperature

o f approximately 1 0 3 - 1 0 5 ° C .
• S a m p l e drying trays - capable of ho ld ing an even layer of the complete sample volume of

each sample. To minimize the decontamination e f f o r t , d i spo sab l e drying trays are
recommended.

• Analytical balance - accurate to 0.1 g, range of 0.1 g to 1000 g
• Riffle s p l i t t e r - with 3/4 to 1 inch chutes to split samples
• Sta in l e s s steel or t e f l o n scoop or spoon - for transfering samples
• C o l l e c t i o n containers - p la s t i c z iplock bags.

Technical Standard Operating ProceduresI S S I Consul t ing Group, I n c . S O P N o . I S S I - L I B B Y - 0 1
ContractNo.N00174-99-D.003 r oAccount No.: N120-023-003 Date. 12/1999
R:\Libby A s b e s t o s V S a m p I i n g \ S o i l Prep SOP.wpd Page 2 of 6



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S O I L S A M P L E P R E P A R A T I O N

• Gloves - for personal protection and to prevent cross-contamination of samples. May be
pla s t i c or latex. Disposable, powderless.

• F i e l d c lothing and Personal Protective Equipment - as s p e c i f i e d in the H e a l t h and S a f e t y
Plan.

• F i e l d notebook -used to record progress, any problems or observations.
• Permanent marking pen - used to label sample containers.
• Three-ring binder book - binders will contain Soil Preparation Sheet s , F i e l d S p l i t S a m p l e

Log sheets, and sample labels.
• Trash Bag - used to di spose of gloves and wipes.
4.0 M E T H O D S U M M A R Y
Soil samples will be dried in a standard laboratory oven, then homogenized and spl i t for
subsequent analysis.
5.0 BULK SOIL DRYING
Set the oven temperature to 103-105 °C (not to exceed 1 15 °C). Establish the drying time by
weighing a representative sample before drying, at estimated completion, and f o l l o w i n g an
additional 15 minute drying time to confirm stable weight. V e r i f y that the sample is comple t e ly
dry using the "squeeze test", squeezing a portion of the sample between a f r e s h l y gloved thumb
and fore f inger . S a m p l e dryness is indicated by a lack of cohesiveness in the soil.
Prior to drying each sample, record the weight on the S a m p l e Preparation Logbook Sheet.
Spread the sample on the drying tray in an even layer to promote even drying. Check the oven
temperature to verify that proper temperature has been reached. Mark each tray with the sample
ID number. Place the drying trays containing the samples hi the oven. Leave the samples in the
oven until comple te ly dry. V e r i f y that each sample is dry by testing cohesiveness using a f r e s h l y
gloved thumb and fore f inger. Record the weight a f t er drying on the S a m p l e Preparation
Logbook Sheet Document the sample drying time for each sample on the Soil Preparation Data
Sheet (Attachment 1).
When samples are dry, remove from the oven area and place in the ventilation area. Before
plac ing sample s in the ventilation area, verify that the hood is turned on. A new pair of
gloves must be worn for each sample.
The sample should be coarse sieved and the mesh size recorded. Pour the material which passed
through the sieve into a new sample bag, and mark the outside of the bag with the sample ID.
Technical Standard Operating Procedures! mnv.niI S S I Consul t ing Group, I n c . S O P N o . I S S I - L I B B Y - 0 1
Contract N o . N00174-99-D-003 n ™Account No.: N120-023-003 Date: 12/1999
R:\Libby Asbe s t o s \Sarap l ing\Soi l Prep SOP.wpd Page 3 of 6



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
SOIL S A M P L E PREPARATION

Gent ly knead contents of the bag to break up any remaining soil clumps. C o m p l e t e l y seal the
bag, then mix by turning the bag end-over-end slowly, for a minimum o f t e n times.
6.0 S A M P L E SPLITTING
F o l l o w i n g the procedures outlined in Sec t ion 5.0, the soil sample should be well-homogenized.
With the hood turned on, open the sample bag and use a clean and dry riffle s p l i t t e r to spli t each
sample.
The f o l l o w i n g method for s p l i t t i n g a soil sample was adapted from EPA 540-R-97-028 (USEPA,
1997). The sample is split by placing soil onto a spl i t t er tray. Shake the tray to evenly distribute
the sample. Place the long lip of the tray against the long lip of the sp l i t t e r hopper and slowly
rotate the tray so that the sample slowly empties into the sp l i t t e r and s l ide s down the near wall of
the hopper to the chutes, collecting the sample in two receiving trays. Tap the sample tray
vigorously several times to free any remaining material. Tap the sp l i t t er to f a c i l i t a t e the f l o w of
all material through the chutes into the receiving trays. The corners and nooks of the sp l i t t e r may
be cleaned with a coarse nylon brush.
Pour the material from one of the receiving trays into a clean bucket and tap the tray vigorously
to assure complete transfer. T h i s portion is designated for archive. The original sample tray
(which is now empty), and the emptied receiving tray should be placed under the sp l i t t e r as the
new receiving trays.
Repeat the process of dispersing the remaining sample material (containing hal f the mass of the
original sample) by shaking the sample tray so that it is uniformly distributed. Repeat the
procedure described above for s p l i t t i n g the sample. At the end of the second sp l i t , care fu l ly
transfer the material from each of the receiving trays into a clean, pre-weighed sample bag to
weighed and packaged for shipment to the laboratory and to W.R. Grace. Record each split
sample ID, and the original sample ID on the F i e l d Split S a m p l e Log sheet (Attachment 1).
7.0 F I E L D D O C U M E N T A T I O N
Each sample ID must be recorded on the data sheets. Original sample ID numbers are recorded
on the Soi l Preparation Sheet s , and the F i e l d Split S a m p l e Log sheets. When the original sample
is sp l i t , the original sample ID number, and each new sample, must be recorded.
In addition, a f i e l d notebook should be maintained by each individual or team that is preparing
samples. For each day that samples are processed, the f o l l o w i n g information should be
collected.
• date
• time
• personnel
Technical Standard Operating Procedures c n P M n T«I rmnv^i 'I S S I Consul t ing Group, I n c . S O P N o . I S S I - L I B B Y - O l
Contract No. N00174-99-D-003 n ' ^ - v i o L oAccount No.: N120-023-003 Date. IX1W9
R:\Libby A s b e s t o s \ S a m p I i n g \ S o i l Prep SOP.wpd Page 4 of 6



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S O I L S A M P L E P R E P A R A T I O N

• weather conditions
• analytical balance calibration
• drying oven temperature
• descriptions of any deviations to the Projec t Plan and the reason for the deviation
F i e l d personnel will prepare the proper type and quantity of quality control samples as prescribed
in the Project Plan.
8.0 DECONTAMINATION
All non-dedicated equipment used during sample preparation must be decontaminated prior to
use. It is recommended that d i spo sab l e oven trays be used to minimize the decontamination
e f f o r t . Stainl e s s steel or t e f l o n scoops or spoons, spl i t t er s , sieves and drying trays that will be re-
used, must be decontaminated with de-ionized (DI) water and di spo sab l e wipes or towels. DI
water is poured over the equipment, then wiped, then rinsed again with DI water. If soil particles
are visible on any of the equipment, repeat this procedure until the equipment is clean. All
equipment must be dry before it is re-used.
9.0 G L O S S A R Y
Project Plan - The written document that s p e l l s out the de tai l ed s i t e- spec i f i c procedures to be

f o l l o w e d by the Project Leader and the F i e l d Personnel.
11.0 R E F E R E N C E S
American Soc i e ty for T e s t i n g and Materials. 1998. Standard Practice for Reducing S a m p l e s of
Aggregate to T e s t i n g Size, ASTM Designation: C 702 - 98,4 p.
U S E A P . 1997. S u p e r f u n d Method for the Determination of Releasable Asbestos in S o i l s and
Bulk Materials. EPA 540-R-97-028.

Technical Standard Operat ing Procedures yI S S I C o n s u l t i n g Group, I n c . S O P N o . I S S I - L I B B Y - 0 1
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
S O I L S A M P L E P R E P A R A T I O N

A T T A C H M E N T 1
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S a m p l e Preparation Logbook Sheet

S a m p l e I D Prep BatchNumber
S a m p l e DryingD a t e / T i m e Drying

Begun *
D a t e / T i m e Drying

C o m p l e t e d *
OvenT e m p ( C ) S a m p l e Mass b (grams)

Before After 1 After 2 After 3
Notes

* - Enter date in the f o l l o w i n g format m m / d d / y y ; enter time as 24-hour time (e.g., 1340)
* - At least 2 mass measurements will be recorded. The sample is complete ly dry if me mass measurement is stable.

Soil Prep data Sheet .x l s . 12/22/99 Approved By:_ Page No.:



F i e l d S p l i t S a m p l e Logsheet

Date S a m p l e I D Original S a m p l e I D Prepared By Date Prepared N o t e s

S o i l Prep data S h e e t x I s F i e l d S p l i t A p p r o v e d By:_ Page No.:



A p p e n d i x 14
(EPA 540/2-90/005a) S u p e r f u n d Method for the Determination of Asbestos
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7. EQUIPMENT AMD APPARATUS

7.1. AH MHFUHO - BPJIPHMT AMD COHSOKABLE SUPPLIES
7.1.1. riltar Caaaatta

Commercial ly available f i e l d monitor*, compri s ing 25 andlaanter three-piece caaaa t t ea , v l t h conductive extension cowlaahall ba used for sample c o l l e c t i on . Tha caaaet ta oust be new and
not previously used. The caaaette shall be loaded with an MCEf i l t e r of pore sire 0.45 p», and s u p p l i e d f r o a a lot nunber which
haa been q u a l i f i e d as low background for asbestos de termination.The f i l t e r shall be backed by a 5 pa pore size HCE f i l t e r , andsupported adequately ao that distortion of the f i l t e r by thed i f f e r e n t i a l preaaura across It doe* not occur during s a m p l i n g .Tha caasattaa ahall be purchased with tha required f i l t e r s Inp o s i t i o n , or shall be as sembled In a lanlnar f l o w hood or c laanarea such that the f i l t e r blank determinations meet the criteria
of S e c t i o n 10.6. Uhen the f i l t e r s are In p o s i t i o n , a shrinkcellulose band or adhesive tape should ba a p p l i e d to casse t teJ o i n t s to prevent air leakage. S u i t a b l e precautions ahall bataken to ensure that tha f i l t e r s are t i g h t l y c lasped In thaassembly ao that a l g n l f l c a n t air leakage around tha f i l t e r cannotoccur.
7.1.2. S a m p l i n g Pomp

Tha s a m p l i n g pump ahall ba capable of a f l o w - r a t s andpumping time s u f f i c i e n t to achieve tha desired volume of airs a m p l e d . Tha fa c e veloci ty through tha f i l t e r shall be between4.0 cm/a and 65.0 cm/*. The s a m p l i n g pump used shal l provide an o n - f l u c t u a t i n g a i r - f l o w through the f i l t e r , and shall maintainthe I n i t i a l volume f low-re ta to within ±10* throughout thas a m p l i n g period. A constant f l o w or critical o r i f i c e control l edpump meets these requirements. F l e x i b l e tubing shall be used toconnect the f i l t e r caaaatte to tha s a m p l i n g pump. A means forcalibration of tha f low-rate of each pump la alao required.
7.1.3. Stand

A stand ahall ba used to hold the f i l t e r eaaaatte at thedaatrad height for s s m p l l n g and tha f i l t e r caasatta shal l beIso la t ed from tha vibrations of tha pump.
7.1.4. totameter

A rotameter or other f l o w measuring device calibrated suchthat tha operator can measure f l o w rataa to ± 5» accuracy at thaexpected s a m p l i n g f l o w rate.

7.2. 8PECIHEII PREPAKATXOf 1ABOIATOM
Aabaato s , p a r t i c u l a r l y chryeo t l l a , la present In varyingquantities In many laboratory raagenta. Many building mater ial s alaocontain s i g n i f i c a n t amounts of aabestoa or other mineral f i b e r s that mayI n t e r f e r e with the analysi s If they are I n a d v e r t e n t l y Introduced duringprepara t i on of spscloena. It is most I m p o r t a n t to ensure that duringprepara t i on , contaalnatlon of TEM specimens by any extraneous asbestosf i b e r s la minimized. All specimen preparat ion atepa ahall therefore b*p e r f o r m e d In an environment where contamination of the' s ampl e laminimized. The primary requirement of the sample pr epara t i on laboratoryIs that a blank determination ahall yield a reault which wi l l meet thas p e c i f i c a t i o n s in 10.6. A m i n i m u m ' f a c i l i t y considered sui table forp r e p a r a t i o n of TEH specimens la a laminar f l o w hood. However, It haabeen e s tab l i sh ed that work practices In specimen preparation appear toba more I m p o r t a n t than tha type of clean handling f a c t l l t l a a In use.Preparation of samples shall be carried out only a f t e r acceptable blankvalues have been demonstrated.

J W T E
A c t i v i t i e s Involving manipulat ion of bulk asbestos shall not baperformed In the sane area aa TEH specimen preparat ion, because of thep o s s i b i l i t i e s of contaminating the TEH specimens.
7.3. LABOIATOtT EQUIPMEUT

7.3.1. Transmiss ion Electron Microscope
A TEH o p a r a t l n g at an acce lerat ing p o t e n t i a l of 80-120 f c V ,with a re so lut ion bet ter than 1.0 nm. and a m a g n i f i c a t i o n range ofa p p r o x i m a t e l y 300 to 100,000 ahall ba uaed. The a b i l i t y to obtaina direct screen m a g n i f i c a t i o n of about 100,000 la necessary forinspec t i on of f i b e r morphology; this m a g n i f i c a t i o n may be obtainedby supp l emen tary op t i ca l enlargement of the screen Image by use ofa binocular If It cannot be obtained directly. It la alao requir-ed that tha viewing screen ba cal ibrated (aa shown In Figure 7.1)vlth concentric circles and a mil l imeter acala such that thal engths and wld tha of f i b er images down to 1 mm width can bemeasured In increments of 1 mm.
For Bragg angles lass than 0.01 radlana, the TEH ahall becapable of p e r f o r m i n g ED fro* an area of 0.6 ^m* or l ea s , selectedfrom an in-focus image at a acreen magnif icat ion of 20,000. T h i sperformance requirement d e f i n e s the minimum aeparat lon betweenparticles at which Independant ED pattern* can be obtained from

I
I !

24 23



Figure 7.1: CmltbMtlou Marking, on the TBt Viewing Screen

2*

each particle;. If SAED ti t i l e d , tha performance of a part i cularliutruMnt majr normally be calculated lulng the f o l l o w i n grelat ionship: • • -;
A - 0.7854 x (D/H + 2000 X C,9*>*

Vbere: A . - tha e f f e c t i v e SAED area In iafD — tha diameter of the SAED aperture In jotH - the M a g n i f i c a t i o n of tha ob j e c t ive letuC, - the apherlcal aberration c o e f f i c i e n t of tha
object ive lene In mm. 0 - maxima required Bragg angle In radlana

It la not poa i t b l e to reduce the e f f e c t i v e SAED areaI n d e f i n i t e l y by the uaa of progr eaa lv e ly smal l er SAED aperture*,because there la a fundamental l imi ta t i on Impoaed by the sphericalaberration c o e f f i c i e n t of the objec t ive lena.
If zone-axle ED analyaea are to be p er f ormed , the TEH shallIncorporate a goniometer ctage which p e r m l t a the TEH specimen tobe either:
(a) rotated through 360*, combined with t i l t i n g through atleaat +30* to -30* about an axle In tha plane of theapeclmen; or, •
(b) t i l t e d through at leaat +30' to -30* about twoperpendicular axea In the plane of the specimen.

T h a analya la l a ' g r e a t l y f a c i l i t a t e d I f t h e goniometerpermlta eucentrle t i l t ing . «1 though t h l a la not essential. IIEDXA and zone-axle ED are required on the seme f i b e r , thegoniometer shall be of a type which perml ta t i l t i n g of theapeclmen and acquisition of EDXA apectra without change ofapeelmen holder.
The TEH shall have an Illuminat ion and condanaer lena systemeapabla of f orming an electron probe smaller than 230 nm Indiameter.
Use of an antl-contamination trap around the apeclmen 1*recommended If the required Instrumental performance la to bemaintained.

7.3.1. Energy Dispersive X-ray Anelyzer
Tha TEM shall be equ ipped with an energy d lapera lv e X-rayanalyzer capable of achieving a resolution better than 175 eV(FWHM) on the Hi*, peak. Since the performance of Individualcombinations of TEH and EDXA equipment 1* dependent on • number of
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gaometrlce l f a c t o n , the required performance of the combinationof the TEH and X-ray analyzer 1* e p e c l f l e d In term* of themeasured X-ray I n t e n s i t y obtained fro* a f i b r e of (mall diameter,using a knovn electron beam diameter. S o l i d atate X-ray detector*are leaet sensitive In the low energy region, and ao measurementof aodlum In e r o c l d o l l t e ( h a l l be the performance criterion. Thecombination of electron microscope and X-ray analyzer (hal l y i e l d ,under routine analytical c ondi t i on s , a background-subtracted NaK.Integra t ed peak count rate of more than 1 count per second ( c p s )from a 50 ne diameter f iber of 01CC eroc ldo l l t e Irradiated by a2SO nm diameter electron probe at an acce l erat ing po t en t ia l of•0 kV. The peak/background ratio for this per formance teat (hallexceed 1.0.
The EDXA unit shall provide the means for subtraction of thebackground. I d e n t i f i c a t i o n of elemental peaks, and calculation ofbackground-subtreeted peak areas.

7.3.3. Computer
Many repetit ive numerlcel calculations are necessary, andthese may be p er f ormed conveniently by re lat ive ly s i m p l e computerprograms. For analyses of zone-axis ED pa t t e rn measurements, acomputer with adequate memory la required to accommodate the morecomplex programs Involved. '

7.3.4. f l a s m a Asher
For ashing of f i l t e r s or par t l cu la t e depos i t s washed fromf i l t e r * , a p l a s m a asher, with.* radio frequency power rating of. 100 V or higher, shall be used. The asher shall be s u p p l i e d with. a controlled oxygen f l o w , and shell be m o d i f i e d , If necessary, toprovide a valve to control the speed of air admission so thatrapid air admission deal not disturb the ashed par t l cu la t e . It Isrecommended that f i l t e r s be f i t t e d to the oxygen s u p p l y and theair admission line.

7.3.5. nitration Apparatus
A f t e r re-dispersal of the a(hed part l culate In water,the p a r t t e u l a t e euspension Is f i l t e r e d through a membrene f i l t e rof 25 mm diameter. A glasa f r i t support Is required in order toobtain a uniform depo s i t on the f i l t e r . The reservoir must beeas i ly cleaned In order to prevent sample cross-contamination. A23 mm analytical f i l t e r holder ( M l l U p o r e Corporation, Cat. Ho.XX10 023 00) or equivalent has been found to be suitable.

7.3.C. F i l t r a t i o n M a n i f o l d
When • number of samples are to be f i l t e r e d , several
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f i l t r a t i o n unite! can be operated s imul taneous ly from a singlevacuum source b y ' u s i n g a m u l t i p l e port f i l t r a t i o n mani fo ld
( M l l l i p o r e Corporat ion, Cat . No; X X 2 6 047 35 or equivalent hasbeen found to be s u i t ab l e) . The m a n i f o l d should Inc lude valves topermit each port to be opened or oloaed Independent ly.
7.3.7. Tactnm romp

A pump 1( required to provide e vacuum of a p p r o x i m a t e l y 20kPa for the f i l t r a t i o n of water eaap l ea , A water jet pump(Edward* H i g h Vacuum I n c . , Grand I d a n d , HY 14072, Cat . No.
01-C046-01-000-female connection or 01-C039-01-000-male connectionor equivalent) has been found to provide s u f f i c i e n t vacuum for a3-port f i l t r a t i o n n a n ! - f o l d and also incorporates a non-returnvalve to prevent back-streaming.
7.3.8. Vacuum Coating Unit

A vacuum coat ing u n i t . c a p a b l e of producing a vacuum be t t e r 'than 0.013 Fa shall be used for vacuum d e p o s i t i o n of carbon on themembrane f i l t e r s . A sample holder la rsqulred which will allow ag l a s s microscope s l i d e to be continuously rotated during thecoat ing procedure. A mechenism which allows the r o t a t i n g e l id ealso to be t i l t ed through an angle of a p p r o x i m a t e l y 43* during the •coating procedure is recommended. A l iquid nitrogen cold trapabove the d i f f u s i o n pump may be used to minimize the p o s s i b i l i t y \of c on t smlna t l on of the f i l t e r surfaces by oil f r o m the p u m p i n gsystem. The vacuum coating unit may also be used for d e p o s i t i o nof the thin f i l m of g o l d , or other calibration material , when ItIs required on TEH specimens as an Internal cal ibration of EDpat t erns .
7.3.9. S p u t t e r Coater

A s p u t t e r coater with a gold target may be used fordepo s i t i on of gold on to TEH specimens as an internal calibrationof ED-patterns. Experience has shown that a (putter coater allowsbetter control of the thickness of the calibration material.
7.3.10. Solvent Vastier (Jaffe Vasher)

The purpose of the J a f f e washer 1* to a l low d i s s o lu t i on ofthe f i l t e r po lymer while leaving an I n t a c t evaporated carbon f i l ms u p p o r t i n g the f i b e r s and other p a r t i c l e s f rom the f i l t e r surface.One design of a washer thet has been found s a t i s f a c t o r y forvarious solvents and f i l t e r media la shown In F i g u r e 7.2. Severala c c ep tab l e variations have been described In the s c i e n t i f i cliterature. When apeclmens are not being inserted or removed, thep e t r l d i sh lid should be in place . The washer should be cleanedbe f or e it Is used for each batch of specimens;
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7.3.11. Oondantatlon Vast i er

P E T H I D I S H
C lOOlM* I

E L E C T R O N M I C R O S C O P ES P E C I M E N S A S T . S T E E L M E S H
B R I D G E I S O m n k )

Figure 7.2: Design of a Sol-rent Vaahar (Jaffa Vast i er).Solvent I* added until the meniscus contacts the underalda ofthe atalnlea* ateel mash

For «ore rapid d i s s o l u t i on of the f i l t e r polymer, acondensation vasher, consi s t ing o f ' a f l a s k , condenser a n d coldf inger assembly, with a heating untie and swans for controll ingthe temperature may be used. A suitable assembly la shown InFigure 7.3, and acetone should be used as the solvent for MOBf i l t e r s .
7.3.12. S l i d e Warmer or Oven

' Either a e l ide warmer or an oven shall be used for heatings l i d e s during the preparat ion of TEH specimens. It la required tomaintain a temperature of 6 5 - 7 0 ' C .
7.3.13. Ultra son i c Bath

An ul trasonic bath la required for c l eaning of apparatusused for TEH specimen prepara t i on , and for re-di sper sal of ashedresidues from HCE f i l t e r s .
7.3.14. Carbon Orating Replica

A carbon grat ing rep l i ca with about 2000 p a r a l l e l l inesper an shall be used to ca l i bra t e) the magni f i ca t i on of theT E H .
7.3.15. Calibrat ion Grids fox EDXA

For calibration of the e f f i c i e n c y of the EDXA system,re f erence s i l i c a t e standard material must be used. The NationalI n s t i t u t e f o r S t a n d a r d s a n d Techno logy ( N I S T ) S t a n d a r d ReferenceMaterial (SUM) 2063 la a sputtered thin f i l m containing knownconcentrations of magnealum, s i l i c on , calcium and Iron . Othersuitable calibration mater ia l s Include r l ebeckt t e , chryso t i l e ,ha l l oy s l t e , p h l o g o p l t e , wol laatonl t e and bustamlte. The mineralused for calibration of the EDXA system for sodium must beprepared using a gold TEN grid.
7.3.16. Carbon tod Sharpener

The use 'of necked carbon rods, or equivalent, allows thaicarbon to be evaporated on to the f i l t e r * without creatings u f f i c i e n t heat to damage the f i l t e r s .
7.3.17. D i s p o s a b l e - T i p M l c r o p l p a t t a s

A disposable tip m l c r o p l p e t t e , capable of transferring avolume of approx imate ly 30 pL, la required for th* preparation ofTEN specimen grid*.
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A D A P T E R
C O N D E N S E R

S P E C I M E N

4
COLD W A T E RSOURCE

COLD F I N G E R
w W A T E R^ O R A I N

T H E R M O S T A T I C A L L Y
CONTROLLED
H E A T I N G M A N T L E

Figure 7.3: Dealgn of a Condensation Vaahar
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7.4. COVSmmi LABORATORY BOTFLIM
7.4.1. Ola** Baakara

Boroal l l caee g laai baakara of 100 «L capaci ty ara raqulradfor aahtng of f l l t a r * and ra-dlapar«al of aahad realduee.
7.4.2. Membrane ril tara

For f i l t r a t i o n of the par t l cu la ta auspenelone, two type* off l l t a r ara raqulrad:
(a) HCK f i l t e r ! of 0.1 tat pore alza ( H l l l l p o r a CorporationVCWF 025 00 or equivalent) are used to col lec t thep a r t l e l e a fro« the liquid suspension;
(b) MCE f i l t e r * o f 5 jn pore sire ( H l l l l p o r e Corporat ion

SMWP 025 00 of equivalent). One of theae f i l t e r * laplaced •between the glaaa f r i t of the f i l t r a t i o napparatus and the 0.1 pm pore alee f l l t a r , In order toenaur* a uni form p a r t l c u l a t a d e p o s i t .

Gride which haveat the requirement

7.4.3. Copper Electron Microscope G r i d s
• Tiro-hundred mesh TEK grid* ara required,grid openlnga of uni form alze such that they anof 10.4.2 should be choaan.

7.4.4. Gold Electron Microscope OrId*
Tvo-hundred awah gold TEH grids are required to mount TENapeclnens when .lodlum >ieaaureBwntB are required In the f i b e rI d e n t i f i c a t i o n procedure. Grlda that have grid openlnga ofu n l f o r a alze such that they net the requirement of 10.4.2 shouldbe chosen.

7.4.1. Carbon Rod Electrodes
Spectreche s i l ea l ly pure carbon rods are required for uaa Inthe vacuiaa evaporator during carbon coating of f i l t e r * .

7.4.C. Dispo sab l e Tip* for M l c r o p l p a t t e
Disposab l e t i p s for a m l c r o p l p e t t a ara required formeasurement of 30 /iL volumes of the f i l t e r c o l l a p s i n g aolutlon.
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7.4.7. toutlaa t lMttnm Microscopy Tool* and S u p p l i e s
f ine-point tweezers, aealpel holders and b ladea, •ieroaeopaelide*, double-coated adhesive tape, lena tlaeue, gold wire,tungsten f i l a m e n t s , liquid nitrogen, and other routine s u p p l i e sare required. '

7.4.1. Reference Asbestos Sample*
Aebeatoa s t a p l e s ere required for preparation of referenceTIM Bpeciaena of the primary aabeatoe mlnerala. The HIST SUM 1866contain* well-characterised eaaplea of ehryoe t l l o , c r o c l d o l l t e ,and atweite. although compositional data are not a T a l l a b l e Cortheae standards. The OICC aet of minerals may be uaed aaadditional reference materials.

a.
1.1. nKSBLT-Di'sTILLED UTBK

A supp ly of f r e a h l y - d l s t l l l a d water mist be available. The water•mat be produced using an a l l - g l a s s s t i l l . Any water uaed forre-dispersal of ash, or for f inal rinsing of glaaaware mist have beend i s t i l l e d no longer than 2A hours prior to use.
• .2. DDOTOTL FOtMAHIfll. AHM.YTICA1, 01ADK
1.3. O L A C I A L A C E T I C A C I D , A H a U T I C A L O I A D K
1.4. ACETONE, AHALTTICAL 01ADB
8.3. HYDROCHLORIC ACID, ABALTTICAL OKADB

WARNING - Use the reagents-In accordance with theappropr ia t e health and s a f e t y regulations.
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9. C O L L E C T I O N
S a n p l l n g procedure* for thle Bathed wre developed In consideration ofand des igned to be compat ib l e with the analytical requirements of th la methodIncluding, primarily, the need to achieve the dealred analytical sensitivity.
A n a l y t i c a l s ensi t ivi ty Is a f unc t i on of the volme of air s a n p l e d , theactive area of the co l l ec t ion f i l t e r , the dilution or concentration fa c t or

I n t r o d u c e d during e p a c l M n preparat ion, and the area of the TEH spe c la en over
which asbestos structures are counted. If total airborne dust levels arehigh. It May be necessary to teralnate s a m p l i n g b e f o r e the required volume ha*been sanpl ed . If t h l a happen s , the analytical s ens i t ivi ty required can be
achieved only by count ing structures over a greater area of the TEM specimen,
or by use of a specimen p r e p a r a t i o n technique that Incorporat e s aome s e l ec t iveconcentration of asbestos structures relative to other par t l cu la t e species.For e xampl e , depending on the nature of the suspended p a r t l c u l a t e , a con-centration fac tor up to about 2 may be pos s ib le for 25 am f i l t e r s , If the
entire f i l t e r Is used In the analysis. Larger concentration f a c t o r s arepo s s i b l e for larger sample f i l t e r s . In either case, the number of gridopenings to be examined v l l l ba propor t i ona t e ly reduced.

The number of grid openings that must be examined In order to achieve a
par t i cu lar analytical s e n s i t i v i t y , without any s e l ec t ive concentration of theasbestos structures. Is shown In T a b l e 9.1. An average grid opening size of
0.0081 on* la aasumed In this tab l e . However, grid opening alzes vary
d e p e n d i n g on the manufacturer of the grid. When using thi s tab l e to derivethe number of grid openings to be counted to achieve a d e f i n e d analytical
s en s i t iv i ty , the number of grid openings to be counted must be a d j u s t e d topreserve the total areas represented. For example , If a volume of 5000 li tersof air Is c o l l e c t e d , the t s b l e Indi ca t e s that 9$ grid openings must be countedto achieve an analyt i ca l s ensi t ivi ty of 0.1 s/L, T h i s corresponds to an areaof 0.78 mm* {96 x 0.0081). If the average grid opening sice on another grid
Is 80 im square ( r e s u l t i n g in an average grid opening area of 0.0064 nt*),than a total of 122 grid openings will have to be counted, to cover the samearea and achieve the same analytical sensitivity. Under no circumstancesshould fewer than 4 grid openings be counted.

The volume In l i t er s required to achieve a s p e c i f i e d analyticalsensitivity la calculated from the formula:

where:
T - A£/(H x A, x 8 x f)

Af - Active araa of sample co l l e c t ion f i l t e r in maf
H - Number of grid opening* to ha examined. N shall berounded upward* to the next highest Integer
A, - Hean area of grid opening* in mm*
9 - Analytical sensitivity In «true ture s / l l t er
F • Concentration factor.
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T a b l e 9.1 Example*, of th* Minimum Homber of Crld Opening* Kequirad to Achievea Particular Analytical Sensitivity

Volume of air sampled ( l i t e r s )

2000 5000 7000 10000 15000 20000

Analyticalsensi t ivity

0.010.020.03
0.04
0.050.07
0.1
0.20.30.4
0.5
0.7
1.02.03.04.0
S . O7.010.0

N O T E S
In this tab l e , It is assumed that th* c o l l e c t i on f i l t e r area 1* 385 mm1, there1* no concentration or d i lu t i on Introduced during specimen preparation, and theTIM grid opening* ar* 90 pa square.
For grid openings with dimensions other than 90pm square, the minimum number ofopening* to be counted should be a d j u s t e d by th* ratio* of th* squares of th*grid opening dimensions, such that th* area of the TEH specimen examined remains
the ssme.
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23771189793
595476340
238
1198060

48
34
241286544

931476317238
191136

96
483224
2014
10

544444

680340
227170
13698

68
34231714
10

74
44444

476238159
1199668

48
241612
10

7
34
4
4444

317159106
806446
321611875
4
4
44
444

23811980
60
4834
24
128

6s4
4444444



The concentration f a c t o r F arlcea from the f a c t that , when us ing anI n d i r e c t specimen pr epara t i on technique, the f i b e r a on a p a r t i c u l a r area ofthe TEH specimen have u s u a l l y been trans f erred Iron a d i f f e r e n t area of theoriginal sampl e c o l l e c t i o n f i l t e r . The concentration f a c t o r may correspond toa concentration or a d i l u t i o n of the original f i b e r dens i ty on the c o l l e c t i o nf i l t e r . It is c a l c u l a t e d fro* the ratio between the areas of the original andanalytical f i l t e r s , the volute of water used to r e-di sper s e the ashed par t l cu-l a t e , and the volusM of the f i n a l d i a p e r s t o n used to prepare the analytical
f i l t e r . For the purpose s of c a l c u l a t i n g the required voluae of «lr to besampled In order to achieve the s p e c i f i e d analytical s ens i t iv i ty when a directt rans f er preparation 1* to be used, the concentration f a c t o r <F) is assumed tobe 1.

9.1. U q O I t K D S K H S I T I V i n

The required analyt i ca l s e n s i t i v i t i e s for charac t e r i z ing environ-mental s smpl e s Is e s t a b l i s h e d in section 4.3 as 0.5 s/L and 0.02 s/L forasbestos structures of all sizes and asbestos s tructures l onger than i fm,respec t ive ly. For other a p p l i c a t i o n s o f this method, d i f f e r e n t ana ly t i ca ls en s i t iv i t i e s should be e s t a b l i s h e d prior to sampl e c o l l e c t i on . Air
volume to be c o l l e c t e d in this method are se lected to provide the desiredanalytical s en s i t iv i ty when coupled with the counting of a manageablenumber of grid openings.
9.2. AIR VOLOME

The s a m p l i n g rate and the period of s a m p l i n g shall be s e l e c t ed toyi e ld aa high a sampled volume as p o s s i b l e , which w i l l minimize theI n f l u e n c e of f i l t e r contamination. Wherever p o s s i b l e , a volume of 15
cubic meters shall be sampled for those sampl e s Intended for analys i s onlyby the I n d i r e c t TEH preparat ion method (Phase 1 s s m p l e s ) . For those
s a m p l e s to be pr epar ed by both the indirect and the direct specimenp r e p a r a t i o n methods (Phase 2 s a m p l e s ) , the volumes must be a d j u s t e d so as
to provide a su i tab ly. loaded f i l t e r for the direct TEH prepara t i on method(See S e c t i o n 4.2.1). It has been found that the volume cannot normallyexceed 5 cubic meters in an urban or agricul tural area, and 10 cubicmeters in a rural area for sample s c o l l e c t ed on a 25 na f i l t e r andprepared by a direct t raaaf er technique.

Prior to p l a n n i n g a s a m p l i n g program, air volumes to be c o l l e c t e dshould be a d j u s t e d based on available I n f o r m a t i o n charac t er i z ing typ i ca llocal TSP concentrations (see S e c t i o n 4.2.1). It has not proven pos s ib l eto j u d g e the loading of f i l t e r s in real time during s a m p l i n g so thatf i l t e r s may easi ly become overloaded to the point were analys i s by thedirect method becomes impo s s i b l e . To minimize the p o t e n t i a l that f i l t e r *wil l have to be re j e c t ed for analysis due to overloading, conservative
e s t imates of the loading rate based on typ i ca l TSP concentrations havebeen developed so that an 'optimum' volume of air per unit area of f i l t e rmay be c o l l e c t ed . However, because such e s t imate s tend to be conservativeto avoid overloading, a fa i r percentage of the f i l t e r s analyzed from such
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• s a m p l i n g e f f o r t ; t e n d to be underloaded forc ing a corresponding Increasein analysis costs*
ROTE
One op t ion Is to co l l ec t f i l t e r s at several loadings to bracket thee s t imated optimum l o a d i n g for a part i cu lar site. Such f i l t e r s canbe screened In the laboratory ao that only those f i l t e r s c loses t tooptimal loading are analyzed.

9.3. TLOV BATS
To remain within known constraints on f i l t e r f a c e v e l o c i t i e s as. reported .in S e c t i o n 2.2, an upper l imit to the range of a c c ep tab l e f l o w

rates for this method is 15 L / n l n . In prac t i c e , available pumps that canbe used for environmental s a m p l i n g at remote locat ions operate under loadat a maximum of a p p r o x i m a t e l y 12 L / m l n . Consequently, the recommended15 m* of air for Phase. 1 s smple s requires a p p r o x i m a t e l y 20 houra toc o l l e c t . Such pumpa t y p i c a l l y draw 6 amps at f u l l power so that 2l e a d / a c i d ba t t e r i e s should provide s u f f i c i e n t power to co l l e c t a f u l ls smple . The lower volumes required for Phase 2 s smpl e s can be col lectedin shorter p er i od s with a corresponding reduction in stored energyrequirements. The use of line vo l tage , where ava i lab l e , e l iminate s thed i f f i c u l t i e s associated with t ran spor t ing stored electrical energy.
At many locat ions , wind pat t erns exhibit strong diurnal variations.T h e r e f o r e , in t ermi t t ent s a m p l i n g ( s a m p l i n g over a f i x e d time Interval

repeated over several days) may be necessary to accumulate 20 hours ofsampl ing time over constant wind conditions. Other sampl ing o b j e c t i v e salso msy neces s i tate Intermi t t en t sampl ing. The ob j e c t iv e Is to de s ign as ampl ing schedule so that sample s are co l l e c t ed under uniform conditionsthroughout the s a m p l i n g Interval. T h i s method provides for such option*.

9.4. SAHFLXNO PKOCEDOUB
Before air samples are c o l l e c t e d , unused f i l t e r s shsl l be analyzed•s described in S e c t i o n 10.6 to determine the swan background asbestosstructure count for the analytical procedure.
Air s ampl e s shall be co l l e c t ed using cas se t te s aa described in7.1.1. The casse t te s used for sampl ing shall be new and unused. S a m p l i n gshall be conducted with the cassette open- fac e . During sampl ing , thef i l t e r ca s s e t t e shall be s uppor t ed on a atand so that It is I s o l a t e d f romthe vibrations of the pump. The cassette shall be he ld f a c i n g v er t i ca l lydownwards at a height of approx imat e ly 1.5-2.0 m above g r o u n d / f l o o r leveland connected to the pump with a f l e x i b l e tube. In many cases It willl i k e l y be s u f f i c i e n t to c o l l e c t sample s with a short cas se t te . Ifconditions d i c ta t e the need for addi t ional pro t e c t ion, however, extensioncowls may be a f f i x e d to the front of the cassette. Such cowls must be
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constructed of e l e c t r i c a l l y conducting material to minimize e l e c t r o s t a t i ce f f e c t s .
The sampl ing f l ow-ra t e should be neaaursd at the cas s e t t e at thebeginning and at the and of the s a m p l i n g period. S a n p l l n g equipment shallbe selected such that either the sampling f l o w rate can be maintained towithin ± 10%, using a f l o w controller or critical o r i f i c e , or f l o w ratesshall be Measured at least every 4 hours. If at any time the measurenentI n d i c a t e s that the f l o w - r a t e has decreased by more than 30%, the s s n p l l n gshall be terminated. The >ean value of these f l o w - r a t e measuramenta shallbe used to calculate the total air volune aamplad . A f t e r s a m p l i n g , a capshall be placed over the open end of the ca s s e t t e , and the ca s s e t t e packedIn a clean p l a s t i c bag for return to the laboratory. F i e l d blank f i l t e r sshall also ba Included, as described In Sec t i on 10.6, and processedthrough the remaining analytical procedure, along with the sanp l e s .
Should I n t e r m i t t e n t s a m p l i n g ba required, s a m p l i n g ca s s e t t e s must bacovered between active periods of sampling. To cover the sanpler: turnthe eaaset te to f a c e upward, attach a rotaaeter to measure the f l o w rate,turn off the s a m p l i n g pump, and p lac e the cap. To resume sampl ing: removethe cap, turn on the a a m p l l n g p u m p , attach a rotameter to measure the f l o wrate, and Invert the cassette to face downward.

10. PROCEDURE FOR AKALTBI8
10.1. nrrRODDCTioM ..

F i l t e r s representing Fhaae 1 samples will be prepared by theIndire c t method.. F i l t e r s representing Phase 2 sample s w i l l be s p l i t .H a l f of the Phase 2 f i l t e r s will be prepared by the Indirec t method and aquarter sector of the f i l t e r will be prepared by the direct method.
10.1.1. Indirect TEH Specimen Preparation Kathod

The Indire c t method requires co l l e c t i on of p a r t l c u l a t e frost alarge volume of air on a 0.45 pa.pore size HCE f i l t e r . In thisprocedure, h a l f of -the f i l t e r Is ashed by treatment In a lowt empera tur e p laama asher, and the ashed residue Is r e-d i sper s ed Ind i s t i l l e d water. I m m e d i a t e l y b e f o r e f i l t r a t i o n , the suspension o fp a r t i c l e s Is a c i d i f i e d using hydrochloric acid to remove anya c i d - s o l u b l e species . The suspension Is f i l t e r e d through a 0.1 impore size MCE f i l t e r . The f i l t e r la c o l l a p s e d using a mixture of
d la e thy l f o r m a m l d e , acetic acid and water. A sector of thec o l l a p s e d f i l t e r Is carbon coated , and TEN specimen grids areprepared f r o m the carbon coated f i l t e r by the J a f f e washertechnique, using dimethyl f o r m a m l d e as the solvent.

Use of the 0.1 (at pore size membrane f i l t e r e l iminates therequirement f or th e p l a s m a etching s t e p incorporated I n t o both NIOSHMethod 7402 and the method of Burdett and Rood. In previous work byC h a t f i e l d , b i l l o n and S t o t t , no s t a t i s t i c a l l y - s i g n i f i c a n t f i b e rlosses could be de t e c t ed when TEN gr id s were prepared from 0.1 papore size HCE f i l t e r s without Includ ing the etching s t ep .
Indir e c t preparat ion of TEH specimens for de t erminat ion ofasbestos Is p a r t i c u l a r l y sensitive to problems of contamination byextraneous asbestos. T h i s method requires that very low detectionl imi t s be achieved so that control of extraneous asbestoscontamination becomes even more I m p o r t a n t . The a b i l i t y to meet theblank s smpl e criteria Is c r i t i ca l ly dependent on the c l eanl ine s s ofequipment and s u p p l i e s . All s u p p l i e s such as microscope s l ides andglassware should be considered as p o t e n t i a l sources of aabestoscontamination. All solvents used should be f i l t e r e d through a0.2 pm pore, size f i l t e r or they ehould be d i s t i l l e d In a glas ss t i l l . It Is necessary to wash all glasaware before It la uaed andthe f i n a l washing of glassware should be p e r f o r m e d usingf r e s h l y - d i s t i l l e d water. Any toola or glassware that coma I n t ocontact with the air s a m p l i n g f i l t e r s or TEH specimen preparat ionsshould ba washed both before use and between handling of Individual•ample*. Where po s s i b l e , d i s po sab l e s u p p l i e s should ba used.
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10.1.2. Direct TKK Specimen Preparation Method
The direct TIM specimen preparat ion method require* that theair volume aampled met not reault In a f i l t e r that 1* over-loadedby par t l cu la t e . F a r t l e u l a t e la c o l l e c t ed on a 0.45 /in pore size MCE

f i l t e r . A quarter sector of the HCE f i l t e r la c o l l a p s e d using amixture of dimethyl f omaai lde . acetic acid and vater. The co l lapsed
f i l t e r la etched for a abort tine In a low t emperature p la sma asher.
The c o l l a p s e d and etched f i l t e r la carbon coa t ed , and TEH specimengrids are prepared from the carbon coated f i l t e r by the J a f f a washertechnique, using dimethyl formamlda as the solvent.

10.1. nuCPAXATIOH OF TEH BPKdMKH ORIDS BY TBK INDIRECT METHOD
10.1.1. Cleaning of S a m p l e C a s s e t t e s

Asbeatos can adhere to the exterior surfaces of elr s a n p l l n g
cas se t t e s and t h t a asbestos can be I n a d v e r t e n t l y t rans f erred to the•ample dur ing handl ing . To prevent this p o s s i b i l i t y of
contamination, and a f t e r ensuring that the ca s s e t t e Is t i g h t l ys ealed, wipe the exterior surfaces of each s a n p l l n g cas se t t e with aclean, wet paper towel before It Is taken Into the clean f a c i l i t y orlaminar f l o w hood.
10.1.2. Ashing of HCE F i l t e r

Open the f i l t e r cassette and remove the MCE f i l t e r . Place thef i l t e r on a clean microscope s l i d e and cut It In h a l f , using acurved s ca lp e l b lade . Return one h a l f of the f i l t e r to thecassette. Place the other h a l f f i l t e r In the bot tom of a 100 mt
gla s s beaker and cover the top of the beaker with a p l a c e ofaluminum f o i l . Make approximate ly 8 1-2 mm p e r f o r a t i o n s In thealuminum f o i l . C o m p l e t e l y ash the h a l f f i l t e r In the lowtemperature plasma aaher, using operating conditions as de f ined InA p p e n d i x A.
10.1.3. le-dl spersal of Ashed Residues

A f t e r the f i l t e r has bean comple t e ly ashed, remove the beakerfrom the asher, add 40 mL of d i s t i l l e d water, and p la c e the beakerIn the ul trasonic bath for a period of 15 minutes. U s i n g ad i spo sab l e p l a s t i c p i p e t t e , add 0.2 mL of concentrated hydrochloricacid and etir the suspension. A f t e r a d d i t i o n of the acid, p lace thebeaker In the ultrasonic bath for a period of 5 minutes. F i l t r a t i o nof the suspension must be per formed I m m e d i a t e l y a f t e r the ultrasonictreatment. Potar in the ultrasonic bath should ba maintained below0.1 wat t /mL.

10.2.4. Fil t ra t i on of the Aqueous Suspension
The s eparation of suspended par t l eu la t* by f i l t r a t i o n of the

aqueous suspension through a membrane f i l t e r la a critical s t ep Inthe analyt ical procedure. The o b j e c t i v e Is- to produce an analytical
f i l t e r on which the suspended sol ids from the s t ap l e are distributed
u n i f o r m l y , and at an acc ep tab l e l oad ing for the microscopicalexamination.

The volume to be f i l t e r e d general ly depends on either thetotal suspended sol ids content or the asbestos structureconcentration of the s a m p l e , and the I n t e n t i o n ia to prepare a
f i l t e r that has a l o a d i n g not exceeding about 50 asbestos structures
per grid opening and with a p a r t l c u l a t e coverage not exceeding 10*
of the f i l t e r area. Some j u d g n e n t la required to achieve the
optimum loading and, if tha asbaatos concentration is very low. Itwil l be found that the suspended s o l i d s concentration wi l l limit the
volume that can be f i l t e r e d . The maximum par t i cu la t e loading on thef i l t e r that can be to l erated Is about 10 / tg / cm*.

In pract ice , the best procedure for opt imiz ing the loading onth e f i n a l f i l t e r Is t o prepare several f i l t e r s using d i f f e r e n t
volumes of the suspension. Any f r a c t i o n of the 40 mL suspension(prepared as per S e c t i o n 10.2.3) may be s e l e c t ed as a unit forf i l t r a t i o n . For e x a m p l e , aliquot* containing 1 mL, 4 mL, S mL, and
20 mL frac t i on s from the original suspension may be used to preparea series of I n c r e a s i n g l y loaded f i l t e r s . However, If the con-centration of suspended solids dictates that a very small volume of
the su spens ion b* f i l t e r e d , small volume a l lquo t s need to be f u r t h e rd i l u t e d prior to f i l t e r i n g . Do not a t t empt to f i l t e r a volume ofless then 10 mL..

If aliquot* smaller than 10 mL from the original suspensionare to be f i l t e r e d . It is d i f f i c u l t to ensure that a u n i f o r m depo s i t
of p a r t i c u l a t e Is obtained on the f i l t e r unless the aliquot Is f i r s t
d i l u t e d . S a m p l e s of high s o l id s content, or of high asbestosconcentration, may require f i l t r a t i o n of volumes leas than 10 mL.Such al lquots shall be diluted with f r e s h l y - d i s t i l l e d water so that
the f i l t e r e d volumes exceed the minimum of 10 mL. T h e s e d i lu t i on s
shall be made by t ran s f e rr ing a known volume of the sample (such as
an aliquot f r o t a the original suspension) to a d i s p o s a b l e p l a s t i c
beaker and making the volume up to a known volume withf r e s h l y - d i s t i l l e d water. The mixture shall be atlrred vigorously
be fore aub-sample s are taken for f i l t r a t i o n .

The f o l l o w i n g Instruct ions for f i l t r a t i o n must b* f o l l o w e dprec i s e ly:
(a) Ass emb l e the f i l t r a t i o n base and turn on the vacuum.The upper surface of the f i l t r a t i o n baa* (both the glass
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(b)

(e)

f r i t and the ground mating sur fac e) must be dry beforethe membrane f i l t e r s are i n s t a l l e d . Place a 5 (in pore
size HCB f i l t e r on the glass f r i t . If the f i l t e r
appeers to. become vet by c a p i l l a r y action on residualvater In the glass f r i t It must be discarded andreplaced by another f i l t e r . Piece a 0.1 im pore sizeMCE f i l t e r , smooth side fa c ing up, on top of the 5 pm
f i l t e r . The mating sur face of the reservoir componentof the f i l t r a t i o n apparatus should be dried by shakingoff any surplus vater and draining on p a p e r tovel ortissue. Position the reservoir on the f i l t e r s andf i r m l y clamp it, taking care not to dis turb the f i l t e r s .
The vacuum should not be released until the f i l t r a t i o nhas been comple t ed .
It is necessary to comment on the use of f i l t r a t i o n
equipment that Is s t i l l vet a f t e r vashlng, sinceimproper procedures at this point can seriouslycompromise the reeults. If the glees f r i t is vet whent h e f l r e t f i l t e r I s a p p l i e d t o i t , c a p i l l a r y action vill
result in some areas of ths f i l t e r structure beingf i l l e d by vater. When the second, smaller pore aleef i l t e r Is added and the vacuum la a p p l i e d , the
d i f f e r e n t i a l pressure across the 5 im pore size f i l t e rvill be I n s u f f i c i e n t to overcome the surf see tension ofthe vater In the f i l l e d ereas. T h u s no f i l t r a t i o n villtake p lac e through the corresponding areaa of the 0.1 joapore alze f i l t e r , and a gro s s ly non-uniform d e p o s i t ofp a r t l e u l a t e vill be obtained.
Add the required volume of sample to the f i l t r a t i o n
f unne l . D i s p o s a b l e p l a s t i c beekers and p l p e t t e e providea means of measuring the aample volumes withoutintroducing problems of sample cross-contamination. Thereservoir may not be s u f f i c i e n t l y large to accommodate
the total volume of l iquid to be f i l t e r e d . In this
eaae, more of the sample may be added during the
f i l t r a t i o n , but this should be done c a r e f u l l y and only
when the reservoir Is more than h a l f f u l l . In this waythe a d d i t i o n of l iquid will not disturb or a f f e c t theu n i f o r m i t y of p a r t l e u l a t e already d e p o s i t e d on thef i l t e r . Do not rinse the s ides of the reservoir, andavoid other manipu la t i on s which may disturb thep a r t i c u l a t e depo s i t on the f i l t e r .
Disassemble the f i l t r a t i o n apparatus , and transfer the0.1 pa pore size f i l t e r to a l a b e l l e d , clean p l a s t i cpetrl dish. Place the cover loosely over the top of thedish to l imit any depos i t ion of material on the f i l t e r ,and allov the f i l t e r to dry. Discard the 5 pm pore elsef i l t e r .

10.2.5. S e l e c t i o n of Area of F i l t e r for Preparation
U s i n g clean tweeters , and a clean, curved s ca lpe l b lade , cutout a 90 degree sector of the f i l t e r while It la s t i l l In the

p l a s t i c p e t r l dish.
10.2.*. Preparation of Solut ion for C o l l a p s i n g MCX f i l t e r s

Ktx 35 mL of dimethyl f o r m a m l d e , IS ml of glacial acetic acidwith SO ml of f r e s h l y - d i s t i l l e d vater. Store this mixture In aclean bot t l e .
10.2.7. F i l t e r C o l l a p s i n g Procedure

Using s m i c r o p i p e t t e v l th a d i s p o s a b l e t ip, p la c eapproximate ly 30 jiL of the c o l l a p s i n g solution on a cleaned
microscope e l i d e , and using the end of the p i p e t t e tip spreed theliquid over the area to be occupied by the f i l t e r sector. Place thef i l t e r sector, active sur face upwards , on top of the s o lu t ion,levering the edge of the f i l t e r at an angle of about 20 degrees sothat air bubbles are not creeted. Remove any solution not absorbedby the f i l t e r by allowing 'a paper tissue to contact the liquid atthe edge of the f i l t e r . More than one f i l t e r sector may be placedon one s l i d e , and a laboratory blank f i l t e r sector shall also beprepsred on each s l i d e . Place the s l i d e either on athermos tat i cal ly-control l ed s l ide warmer at a temperature of
a p p r o x i m a t e l y 65-70*0, or In an oven at the eame t emperature , forabout 10 mlnutee. The f i l t e r co l l ep s e e slowly to about 15% of itsoriginal thickness. The procedure leaves a thin, transparentp la s t i c f i l m adhering to the microscope s l ide , with part ic le s andf i b er s embedded In the upper surface.
10.2.1. Cerbori Coating of F i l t e r Sectors

Place the g la s s s l i d e ho ld ing the f i l t e r sectors on therotat ion-t i l t ing device, approximate ly 10-12 cm from the evaporationsource, and evacuate the evaporator chamber to a vacuum be t t er than
0.013 Fa. The evaporation of carbon shall be performed In very
short bursts, s eparated by some seconds to a l lov the e l e c trode s tocool. If evaporation of carbon is too rapid, the surface of th*
f i l t e r may be damaged. The thickneas of carbon required ladependent on the size of part ic le s on the f i l t e r , end approximate ly
30-50 nm has been found to be s a t i s f a c t o ry . If the carbon f i l m is
too thin, large par t i c l e s vill break out of the f i l m during the
later s tage s of p r e p a r a t i o n , and there vill be few comple t e and
undemaged grid openings on the specimen. Too thick a carbon f i l mvill lead to a TEH Image vhlch Is lacking In contrast, and theabi l i ty to obtain SAED patterns vill be compromised. The carbonf i l m thickness should be the minimum p o s s i b l e , while retaining mostof the grid openings of the TEH specimen Intac t .
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U . S . * . Preparation o f th e J a f f a Washer
Piece several place* of lens tissue on the s ta in l e s s s teel

br idge , end f i l l the washer with dimethyl f o r m a m l d a to e level wherethe meniscus eontect* the underside of the mesh, r e s u l t i n g Insaturat ion of the leni tissue. If It te I n t e n d e d to c onp l e t e thewashing of the specimens In the condensation washer, the piece* oflene tissue should be of such a sice chat they wi l l fit on to thes t a i n l e s s s teel Msh of the condensation washer cold f i n g e r . ThreeTEH specimen gride shall be prepared from each of the coatedanalytical f i l t e r s , and for each of the analytic*! f l l t e r a , three •new specimen grid* should be p l a c e d on to one of the piece* of lenstissue.
10.1.10. Placing of Specimens Into the J a f f e washer

Dslng * curved scalpel blade, cut along the radius of thecoated f i l t e r sector, a p p r o x i m a t e l y 1 m> front the edge. Discard the
thin e t r l p of coated f i l t e r , which usually exhibits signs of edge
e f f e c t s Introduced during th e c o l l a p s i n g procedure. S t a r t i n g f r o mthe f r e sh ly-cu t edge , cut three a p p r o x i m a t e l y 3 mm square piece s ofthe coated f i l t e r . S e l e c t three square* to r epre s en t•the center andthe outer per iphery of the acclve sur face of the f i l t e r . Place eachsquare of f i l t e r , carbon side up, on one of the TEH specimen grid*already on the lens tissue In the J a f f e washer. Cover the J a f f ewasher with the l i d , and a l l ow the washer to stand. Spec imens arenormally cleared a f t e r approx imate ly 4 hours.
10.1.11. Rapid Preparation of IKM Spec imens From MCE F i l t e r s

An al ternative weshtng procedure may be uaed to pr epare TEHspecimens from MCE f i l t e r s more rapid ly then can be achieved by theJ a f f e washing procedure. A f t e r the specimen* have been washed In *
J a f f e washer for approximate ly 1 hour, trans fer the piece of lenstissue suppor t ing the specimen* to the cold f i n g e r of a condensationwasher operating with acetone ss the solvent. Operate thecondensation washer for a p p r o x i m a t e l y 30 minutes. T h i s treatmentremoves all remaining f i l t e r polymer. .

10.3. PMPAIATIOB or TEN SPBCIMEM CUDS n THE DIRECT METHOD
10.3.1. Cleaning of S a m p l e Casset tes

A f e e r ensuring" that the cassette Is t i g h t l y s ealed, wipe theexterior surfaces of each sampling cassette with a clean, wet papertowel as described In 10.2.1 before It Is taken I n t o the cleanf a c i l i t y or laminar f l o w hood.

10.3.2. Sel e c t i on of Area of F i l t e r for Preparation
Using clean tweezers, remove the MCE f i l t e r from the f i l t e rcas se t t e , and cut a sector as described In 10.2.5.

10.3.3. F i l t e r C o l l a p s i n g Procedure
Col lap s e th* f i l t e r sector as described In 10.2.7.

10.3.4. Plasma Etching of the F i l t e r Surface
The conditions required In e particular plasma aaher shallf i r s t b e e s t ab l i sh ed us ing the procedure d e f i n e d In A p p e n d i x A.Place the microscope s l ide ho ld ing the co l lap s ed f i l t e r sectors Inthe p l a s m a asher, and etch for the time end under the conditionsdetermined. Care should be taken to ensure that the correctconditions are used. A f t e r etching, adult air s lowly to the chamberend remove the microscope s l ide .

10.3.3. Carbon Coating of F i l t e r s
Carbon coat the microscope s l id e h o l d i n g the c o l lap s ed f i l t e rportions as described In 10.2.8.

10.3.6. Preparat ion of the J a f f a Washer
Prepare the J a f f e washer as described In 10.2.9.

10.3.7. Placing of Specimens Into the J e f f e Vastier
Place specimens In the J a f f a ' w a s h e r as described In 10.2.10.Specimen* are normally cleared a f t e r a p p r o x i m a t e l y 4 hours.

10.3.8. K a p l d Preparation of TEN Spec imens from MCE F i l t e r s
The al ternative rapid washing procedure, described In 10.2.11,•ay be used to prepare TEH specimens from MCE f i l t e r s more r a p i d l ythan can be achieved by the Jaffa washing procedure.

10.4. CRITERIA FOB. ACCEPTABLE TEH SPECIMEN GRIDS
Examine the TEH specimen grid In the TEH at a magni f i ca t i ons u f f i c i e n t l y low (300-1000) so that comple t e grid openings can beI n s p e c t e d . Rejec t t h e grid I f :
(a) the TEH specimen has not been cleared of f i l t e r medium by thef i l t e r d i s s o l u t i o n s t e p . I f t h e T E H specimen exhibit* areasof undlssolvad f i l t e r medium and, If at least two of the threespecimen grids are not c l e ered , either add i t i ona l solventwashing shall be carried out or new specimens shall beprepared from the f i l t e r ;
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(b) the sample I* over-loaded with p a r t l e u l a t a . If the apeciaengrid exhibit! more than a p p r o x i m a t e l y 10% obscuration on the•ajor l ty of the (rid openings, the specimen will be de s ignatedas over-loaded. T h i s f i l t e r cannot be analyzed s a t i s f a c t o r i l ybecause the grid Is too heavily loaded vl th debris to allowseparate examination of individual part i c l e s by ED and EDXAand obscuration of structures by other p a r t l c u l a t e would leadto under-es t lmation of the structure count;
(e) the p a r t l c u l a t e d e p o s i t s on the specimen are n o t . u n i f o r m l y

d i s t r i b u t e d from one grid opening to the next. If thep a r t l c u l a t e d e p o s i t s on the specimen are obviously not uni formfrom one grid opening to the next, the specimen wi l l bed e s i g n a t e d as non-uniform. T h i s condit ion is caused e i ther byuse of an un sa t i s f a c t o ry procedure for the water f i l t r a t i o n orIt Is a consequence of the fundamental nature of the airbornepar t l cu la t e . Such a f i l t e r cannot be analyzed s a t i s f a c t o r i l y ;
(d) the TEH grid Is too heavily loaded with asbestos structures tomake an accurate count. Accurate counts cannot be made If thegrid has more than a p p r o x i m a t e l y 7000 asbestos s tructures/am 1 ;or.
(e) less than approx imat e ly 75% of the grid openings have unbrokencarbon f i l m over the whole grid opening. Since the breakageof carbon f i l m is usual ly more frequent in areas of heavyd e p o s i t , counting of the intact openings can lead to anunderes t imate of the structure count. An add i t i ona l carboncoat ing may be a p p l i e d to the carbon coated f i l t e r and newspecimen grids prepared. The larger p a r t i c l e s csn o f t e n bes u p p o r t e d by using a thicker carbon f i l m . If this action does

not produce ao e sp tab l e specimen grids , this f i l t e r cannot beanalyzed and a f i l t e r prepared with a l i g h t e r loading ofp a r t i c u l a t a should be s e l ec t ed.
If any one or more of the conditions described In ( b ) , ( e ) , (d) ox(e) exi s t s , the specimen grids cannot be analyzed.

10.5. nocEDou rot. Bnncrou uuuarmu n TEH
10.5.1. Introduct ion

The TEH examination consists of a count of asbestosstructures, which are present on a s p e c i f i e d number of gridopenings. Asbes to s structures are c l a s s i f i e d into groups on thebasis of morphological observations, ED pat terns and EDXA spectra.The total number of asbestos structures to be counted d e p e n d s on thes tat i s t ical precision desired. In the absence of asbestosstructures, the area of the TEH specimen grids which must beexamined depends on the analytical s ensi t ivi ty required. The
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precision of the asbestos structure count depends not only on thetotal number of asbestos structures counted, but also on theiru n i f o r m i t y from, one grid opening to the next. A d d i t i o n a l asbestosstructure counting will be necessary If greater precision Isrequired. ' ' •
In order that the est lmste of the asbestos structure densi tyon the s a m p l i n g f i l t e r shall not be based on the asbestos structured e p o s i t s found within the small area represented by one specimengrid, grid openings shall be examined on at least two of the threespecimen grids prepared . The result s shall then be combined in thecalculation of the asbestos structure densi ty. S t r u c t u r e countsshall be msde at a m a g n i f i c a t i o n of a p p r o x i m a t e l y 20000, and wil l beterminated at the number of asbestos structures ss d e f i n e d below,except that the count shell be continued until a minimum of 4 gridopenings have been examined. Otherwise, the s sbes tos structurecount shall continue to that number of grid openings at which thes p e c i f i e d analytical sensi t ivity has been achieved.

10.5.2. Measurement of Mean Grid Opening Area
The grid opening area shall be measured for the type of TEMspecimen grids in use. T h i s may be per formed either on sn opticalmicroscope at a calibrated m a g n i f i c a t i o n of about 400, or at acalibrated magni f i ca t i on in the T E H . A mean value for the gridopening dimensions may be used If this value een be shown to bes u f f i c i e n t l y preci se . If a mean value is used, the standarddeviation of the mean of 10 openings s e l e c t ed randomly from each of10 grids shall be le s s than 5%. A l t e r n a t e l y , the dimensions of onegrid opening on each of the grids examined shsll be measured and themean of these used In the calculations for the part i cular analysis.

Value s for the number of grid openings to be counted toachieve a desired level of sensitivity ( T a b l e 9.1) wi l l be a d j u s t e dbased on the average grid opening size derived In this section. Theprocedure for p e r f o r m i n g the conversion Is presented in a note atthe bottom of T a b l e 9.1.
10.5.3. TEH Alignment and Calibration Procedures

Before structure counting is p e r f o r m e d , a l ign the TEHaccording to instrumental s p e c i f i c a t i o n s . Cal ibrate the TEH andEDXA system according to the procedures described in A p p e n d i x B.
10.5.4. Determination of S t o p p i n g Point

Before structure counting is commenced, the area of specimento be examined in order to achieve the required analytical
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sensi t ivity ahall be ca l cu la t ed . The maximum number of gridopening* to be examined ahall be calculated f r o m the f ormula:
H - A e / ( A ( x V x S x F)

where.:
IT - Number of grid opening* to be exanlned. H ahallbe rounded upwards to the next highest I n t e g e r
Af - Area of co l l ec t ion f i l t e r In an1

A, — Area of TEM specimen grid opening In mm*
V - Voluae of air sampled In l l t e r a
S ~ Required analytical a e n a l t l v l t y Inaabeetoa a t r u c t u r e a / l l t e r
f — Concentration fac tor .

The concentration f a c t o r F arise* from the f a c t that theasbestos structures on a par t i cu lar area of the TEM specimen haveusual ly been t ran s f e rr ed fro* • d i f f e r e n t area of the originals t a p l e co l l e c t ion f i l t e r . The concentration f a c t o r My correspondto a concentration or a d i lu t i on of the original asbestos structured e n s i t y on the c o l l e c t i o n f i l t e r . It la ca l cu la t ed f r o m the ratiobetween the areas of the original and analytical f i l t e r s , the volumeof water used to re-disperse the ash, and the volune of the f i n a ldi spers ion used to prepere the analytical f i l t e r . F la calculatedfrom the f o l l o w i n g formula:
F - A. x V,/<A, x V t)

where:
A, - Area of f i l t e r ashedA, - Area of analytical f i l t e r
V, - Voluaw of water used to re-disperse ashed p a r t l e u l a t eV f - Volune o f d i sper s ion f i l t e r e d through analyt ical f i l t e r

10.5.9. General Procedure for Structure Counting and Sice A n a l y s t s
Use at least two specimen gride prepared frees the f i l t e r lathe structure count. S e l e c t at random several grid openings froaeach grid, and cosiblne the data In the calculation of the results.
Use a f on t s imi lar to that shown in Figure 10.1 to record thestructure counting date. Insert the f i r s t specimen grid I n t o theTEH. Sel e c t • typical grid opening and set the screen m a g n i f i c a t i o nto the calibrated value (approx imate ly 20,000). A d j u s t the sample •

r n p t r i t l o n Dst s i .
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Figure 10.1i Counting Form
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height until tha faa turaa In tha center of the TEH viewing aeraenate at tha aucentrlc point. Sat the goniometer t i l t angle to zaro.
In coition 1 of tha atrueture counting f o r m , record theaaquantlal number of tha grid opening. Pos i t i on tha specimen 10that the grid opanlng la p o e l t l o n e d with one corner visible on tha

acraen. Hove tha Inaga by adju s tment of only one t r a n a l a t l o ncontrol , c a r e f u l l y examining the s t a p l e f or aabaatoa s t ru c tura l ,until tha o p p o a l t a aide of the grid opening la encountered. Hovethe luga by a pra-de t en lnad di s tance leaa than one screendiameter, using the other translat ion control, and scan tha Inaga Intha reverse direct ion. Continue tha procedure In this Banner untilthe entire grid opening has bean Inspe c t ed In a pat tern similar tothat shown In Figure 10.2.
When a f i b r o u s structure la d e t e c t e d , assign a sequentialnumber In coliorm 2, p e r f o n tha I d e n t i f i c a t i o n proceduraa requiredaa d e t a i l e d In A p p e n d i x D, and antar tha a p p r o p r i a t e composi t ionalc l a s s i f i c a t i o n on tha f i b e r counting fora In column 3. A s s i g n aanrpho log l ca l c l a s s i f i c a t i o n to the structure according to theproceduraa In A p p e n d i x C, and record this In coluan 4. Measure ontha TEM viewing screen the l eng th and wid th of tha Image of each ofthe components of tha fibrous atrueture In mm and record theseSMasuraawnta In columns S and 6 of tha structure counting form.
If f ibrous structures are praaent that are of obviousbio logical origin or that are determined to be non-asbestos , recorddata for a minimum of the f i r s t 10 such s tructures; f u r t h e rrecording of data froa non-asbestos structures la op t ional . A f t e r •f ibrou s structure haa been examined and measured, r e- lo ea ta theoriginal f i e l d of view accurately be fore continuing scanning of thespecimen. Failure to do this may cause asbestos structures to.beoverlooked or counted twice. Tha point at which the examination lato be terminated depends on the specimen, and la d e f i n e d by either(a), (b) or (e) below:

(a) for Phase 1 s ampl e s , which have been prepared by the IndirectTEH specimen preparat ion m e t h o d , f i n i x , complete the examinationat the and of the grid opening on which tha 30th asbestos
structure la counted;

(b) for Phase 2 s ampl e s , which have been prepared both by thedirect and I n d i r e c t TEM specimen p r e p s r s t l o n methods, comple t ethe examination at the and of the grid opanlng on which the100th aabaatoa structure la counted; or
(c) for either of the sample t y p e s , until the number of gridopenings required to achieve the s p e c i f i e d analyticals en s i t iv i ty for asbestos structures of all l e n g t h s , calculatedaccording to 10.5.4, have bean I n s p e c t e d , whichever occura
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TEH f i e l d of vi
F i r s t pass
Second pas s

Figure 10.2t ' S c a n n i n g Procedure for TEM Specimen Examination
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f l r a t . The data shall be dravn a p p r o x i m a t e l y equal ly from thetwo grid*. R e g a r d l e s s of the value ca l cu la t ed according to10.5.4, aabeitoa atructurei shall be counted on a Minima of 4grid opening*. T a b l e 10.1 pre s ent s a «umnary of the countingrequirement* for Phase 1 and Phase 2 s a m p l e s .
(d) Only those s tructures that are I d e n t i f i e d as. or are s u s p e c t e dto be, e i ther c h r y a o t l l e or one of the anphibo l e n l n e r a l s ,will be I n c l u d e d In e i ther the original or the extendeds tructure count. Other M a t e r i a l s , such as gypsum, c e l lu lo s e

f i b e r s , and f i l t e r a r t i f a c t s such a* u n d l s s o l v e d f i l t e rs trands, will not be I n c l u d e d In the structure count. T h i srestriction Is Intended to ensure that the beat s t a t i s t i c a lv a l i d i t y la obtained for the mater ia l s o f I n t e r e s t .
10.5.6. Measurement of Concentration for Asbe s t o s StructuresLonger than S p»

T o Increase t h e s t a t i s t i c a l v a l i d i t y o f ' t h e Measurement , this
snthod requires that an ex t ended count be nade of those asbes toss tructures with aspect rat io s equal to or greater than 5:1 andlonger than S tat. T h i s s epara t e structure count takes account only
of the asbestos s tructures longer than 5 fat, and scanning of the TEHspecimen shall be per formed using a a w g n l f l c a t l o n of a p p r o x i m a t e l y10.000.

Keasuresnnt of the asbes tos structure l engths shall bep e r f o r n e d at a M a g n i f i c a t i o n of 10,000, but asbestoa structure
dtaaeter s s h a l l be Measured at a M a g n i f i c a t i o n of a Mlninun of20,000. For Phase 1 s a n p l e a , which have been pr epar ed by I n d i r e c tt rans f er o n l y , the count Is continued until either 50 asbe s to s
structures have been recorded or an area of spe c lnen has baen
exanined that achieves the s p e c i f i e d ana ly t i ca l s en s i t i v i ty for
asbestos structures longer than 5 fat. For Phase 2 s a n p l e s , whichhave been prepared both by indirect and direct t r a n s f e r , the count
is continued until e i ther 100 asbestos structures have been countedor an area of speciaen has been examined that achieves the s p e c i f i e danalyt i ca l s ensi t ivi ty for asbestos structures longer than J joa.
T a b l e 10.1 presents a suaaury of the counting requlreawnta forPhase 1 and Phase 2 samples .

Only those structures that are I d e n t i f i e d as, or are suspectedto be, either chry s o t l l e or one of the s m p h l b o l e M i n e r a l s , will be
reported in either the original or the extended structure count.Other M a t e r i a l s , such as g y p s u M , ce l lu lo s e f i b e r s , and f i l t e ra r t i f a c t s such as t t n d l a s o l v e d f i l t e r s trands, will not be includedIn the structure count. T h i s restriction Is Intended to ensure thatthe best s ta t i s t i ca l v a l i d i t y Is obtained for the M a t e r i a l s ofI n t e r e s t .

«•» • ~-
f a «n• a tif !§ » k

_ ^
I§ 5 c

t l : '•I I*

I-3 a • "fc
3 ; 8 8

I S I

II! l» ! K * 8 8

«•»
i i • ; i *i i i i i i i i i » i ? » »j j . ! i | i i j i j j j f i j j f i

, j! $1*1 ii i f i i i i j i i i i i i i i ij I i i l i f i ! J i l l i : l i i i i ! l i i l i !
55



TABLE 10.1(continued)

R O T E S :
Phase 1 ae s tp l ea will be prepared by the indirect technique. F i l t e r s fromPhase 2 samples will be s p l i t . H a l f will be prepared by the Indirect techniqueand h a l f will be prepered by the direct technique. N o t e that the required 's en s i t iv i ty for the Phase 2 sample s 1* higher than that naceaaary for the Phase1 samples. Consequently, it is aasumed that 20 structures need to be countedCor phase 2 aamplea at a minimum.

The I n f o r m a t i o n presented in this table la derived from the equation presen-ted In the S e c t i o n 10.3.4 assuming that A, - 385 mm*, A. - 0.0081 on1, F - 1, andthat 10 structures will heve to be counted for s t a t i s t i c a l s ign i f i cance . Beaedon a review of reported background concentrations and typ i ca l concentrationsencountered In previous s tudies. It Is also assumed that the cri t icalconcentration for total structures Is 3.0 s t r u c t u r e s / l i t e r and the crit icalconcentration fox structure* longer than 3 micrometers ia 0.2 a truc ture s / l i t e r .
During any site I n v e s t i g a t i o n , It will l i k e ly be necesaary to characterizeboth ambient air concentrations and concentrations of asbestos as soc iated withs p e c i f i c human activities. A l t h o u g h the method ia deaigned for ambientcondit ions , it will be p o s s i b l e to adapt It to act ivi ty a p e c l f i c a a a p l l n g byaccounting with some adjus tment for expected d i f f e r e n c e s in condi t lona betweenthe two types of samples. The pr inc ip l e d i f f e r e n c e l ik e ly la that a much higherconcentration of non-asbestos p a r t l c u l a t e s wi l l l i k e l y be contained in airsampled In association with s p e c i f i c , dus t-generat ing ac t iv i t i e s . As aconsequence, the es t imated value* for maximum tolerable air volumes pr e s en t ed inaection 4.2.1 of the text can not be a p p l i e d to activity s p e c i f i c s s m p l l n g andsome measure of TSP wi l l have to be provided to derive alternate s a m p l i n gvolumes.' T h u s , "TBD" means: to be determined.
It must ba emphasized that the volume of elr recommended for collect ion ineach of the environmental s e t t ing s l i s t ed represents a conservative e s t imat e(baaed on publ i shed data) of the maximum that can be co l l e c t ed and s t i l l a l lowanalysi s without overloedlng th e f i l t e r . If addi t ional I n f o r m a t i o n regardingthe local average concentration of ambient TSF, air volumes to be c o l l e c t ed inany of these s e t t ings should be optimized accordingly.
To achieve the desired analytical s ens i t ivi ty, the numbers of grid openingsrequired for counting (as presented In this T a b l a ) may either be d i s t r i bu t edover a set of specimen grids prepared from a s ingle sample or a larger set ofspecimen grids prepared from several sample s c o l l e c t ed in a manner assuring thatthe samples are appropr ia t e ly homogeneous (see Section 4.3 of the TechnicalBackground Doeummnt, Fart 2 of this r e p o r t ) .

10.6. BLANK AND Q0AL1TT COffnOL D m K n T H A T I O R S
^Before air sample* are c o l l e c t e d , a minimum of 2 unused 0.45 it* pore slcaKCE f i l t e r s from each lot of 100 f i l t e r s shall ba sectioned and analyzedboth by the indirect and the direct transfer procedure to determine the meanbackground asbestos structure concentration. If- the mean concentration forall type s of asbestos structures, expreaaed as the concentration per unitarea of the sample c o l l e c t i on f i l t e r , la found to be more than10 s tructures/mm 1 , the reasons for the high blank value* shall ba determinedand the s i tuation corrected be fore air sample s are c o l l e c t e d .

To ensure that contamination by extraneous asbestos structures duringspecimen pr epara t i on la in s ign i f i can t compared with the reaults reported ona a m p l e a . It is necessary to e e tab l lah a continuous program of blank measure-nents. The timber of f i e l d blank* incorporated into the program ahall be atleast 10% of the total number of s a m p l e s , and all of theae shall baanalyzed. In a d d i t i o n , ona unused 0.1 jut pore aize f i l t e r shall be Inc ludedwith every group of sampl e s prepared on one microscope s l i d e .
It Is further recommended that laboratory blanks be collected intermit-t e n t l y at all critical phaaea of the laboratory program. For exampl e , ina d d i t i o n to the f i l t e r blanks and f i e l d b lanks, suspension blanks should baprepared by s u b j e c t i n g a clean ashing tuba to the aaher, rinsing the tubaand comple t ing the standard indirect preparation on the ' c l e a n * rinse.Other blanks may be constructed to teat for the po t en t ia l introduction ofcontamination at other phases of the process. Such blanks need not beanalyzed but may ba atored to provide a chain for trouble- shoot ing should aproblem with contamination occur.
I n i t i a l l y , and also included at random point* In the s a m p l i n g program, itla naceasary to onaure that aampl ea of known aabeatoa atructuraconcentrations can be enalyced s a t i s f a c t o r i l y by thie procedure. There aremany o p p o r t u n i t i e s in the procedure for a low recovery to be ob tained, andthe recovery oust be measured f r e q u e n t l y , p a r t i c u l a r l y If more than onelaboratory p e r f o r m s the analysis. Reference f i l t e r s of known concentrationwill be Incorporat ed , and ahall const i tute a minimum of 5% of the to talanalyses. The s e reference f i l t e r s shall not be i d en t i f i ed to the a n a l y t i c a l 'laboratory prior to the analysis ef any group of sample s . The results ofthese reference analyses shall not d i f f e r at the S» s ignif icance level fromthe mean value obtained by a selected group of experienced laboratories.
Since there Is a ' s u b j e c t i v e component In the structure counting procedure,It la necessary that re-counts of some specimens be made by d i f f e r e n tm t c r o a c o p l a t a , in order to minimize the sub j e c t ive e f f e c t s . Such recountsprovide a means of maintaining c omparab i l i ty between counta made byd i f f e r e n t mlcro s cop l s t s . V a r i a b i l i t y between and within mieroacopla t s andbetween laboratories shall be characterized. These quality assurance
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measurements shall constitute a minimum of a p p r o x i m a t e l y lot of theanalyaea. Repeat reaulta should not d i f f e r at the 5% aignl f i canee level.
10.7. C A L C O U T I O M OF B X S V t H

Calcu la t e the results using the procedures de tai l ed In A p p e n d i x E, Priorto the TBJ examination of the specimens, the level of analysis wass p e c i f i e d . Before the results are ca l cu la t ed , the compos i t ional and
morphological c l a s s i f i c a t i o n s to be Included In the result shall bes p e c i f i e d . The chl-squarad uni f ormi ty test shall be conducted using thenumber of I s o l a t e d asbestos structures ( I n d i v i d u a l e n t i t l s s ) found on eachgrid opening, prior to the appl i ca t i on of the cluster and matrix countingcriteria. The concentration reault shall be calculated using the numbers ofasbestos structures reported a f t e r the appl icat ion of the cluster and matrixcounting criteria.
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11. FgRyOEMAHCE CHARACTERISTICS

11. i. imatrauHCH AMD UHlTATiom OP sntrcrou
Unequivocal i d en t i f i ca t i on of every chrysot l le structure la not po s s i b l e ,due to both Ins trumenta l l imi ta t i on s and the nature of some of the componentf i b e r s . The requirement for a ca l i bra t ed ED pa t t ern e l i m i n a t e s the pos-s ib i l i ty of an incorrect I d e n t i f i c a t i o n of the structure selected. However,there Is a p o s s i b i l i t y of mis i d e n t i f i c a t i o n of other c h r y s t i t l l e structuresfor which both a morphology and ED pattern are reported on the basil ofvisual inspec t ion only. The only s i g n i f i c a n t p o s s i b i l i t i e s o fm i s i d e n t i f i c a t i o n occur with h a l l o y s l t e , v e r m l c u l l t e s c r o l l s orp a l y g o r s k l t e , all of which can be discriminated from chry so t l l e by the useof EDXA and by observation of the 0.73 nm (002) r e f l e c t i o n of chryso t l l e inthe ED pattern.
As in the case of chrysotl le structures, complete i d e n t i f i c a t i o n of everyamphibo l e structure i s not p o s s i b l e d u e ' t o Ins t rumenta l l i m i t a t i o n s and thenature of some of the component f i b er s . Moreover, c ompl e t e i d e n t i f i c a t i o nof every amphibo l e structure is not pract i cal due to the l imi ta t i on s of bothtime and cost. P a r t i c l e s of a number of other minerals haying composi t ionssimilar to those of some amphlbole s could be erroneously c l a s s i f i e d asamphibo l e when the c l a s s i f i c a t i o n criteria do not I n c l u d e zone-axis EDtechniques. However, the requirement for quantitative EDXA measurements onall s tructures as suppor t for the random or i en ta t i on ED technique makeem i s i d e n t i f i c a t i o n very u n l i k e l y , p a r t i c u l a r l y when other s imi lar structures

In the same sample have been i d e n t i f i e d as amphibole by zone-axis methods.The p o s s i b i l i t y o f m l s l d e n t l f l c a t l o n la f ur th e r reduced with increasingaspect ratio, since many of the minerals with which amphibole may beconfuaed do not d i s p l a y its prominent cleavage p a r a l l e l to the c-axia.
11.2. FKZCISIOH AMD ACOHtACT

11.2.1; Precision
The analytical precision that can be obtained is dependent upon thenumber of s tructures counted, and also on the un i f ormi ty of theparticulate deposit on the original f i l t e r . Assuming that the structuresare randomly d e p o s i t e d on the f i l t e r , if 100 structures are counted andthe loading la at least 3.5 f i b e r s / g r i d op en ing , computer m o d e l i n g of the. counting procedure shows that a c o e f f i c i e n t of variation of about lOt canbe expec ted. Aa the number of structure* counted decreasea, the preciaionwill also decrease approximate ly aa fo, where N la the number ofstructures counted. In prac t i c e , par t i cu la t e d e p o s i t s obtained byf i l t r a t i o n are rarely i d e a l l y d i s t r ibu t ed , and It Is found that theprecision 1* corre spondingly reduced from that p r e d i c t e d by the Pol s sondi s tr ibut ion. T h i s degradation Is a consequence of:
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(a) non-uniformity o f the f i l t e r e d p a r t i c i p a t e d e p o s i t ;
(b) d i s t o r t i o n of the itructure di s tribution by a p p l i c a t i o n of thestructure counting criteria;
(e) variation between •leroicoplata In their I n t e r p r e t a t i o n of thef ibrous structures; and,
(d) variation between •Icro s c op t s t s and Instruments In theira b i l i t y to detect and I d e n t i f y structure*.
The 95% confidence Interral about the nesn for a s ingle structureconcentration measurement using this analytical Method should be about±25* when about 100 structures are counted.

11.1.2. Accuracy •
There le no Independent Mthod available to determine accuracy.

11.3. ANALYTICAL sntsrnvrrr
A n a l y t i c a l sensi t ivity Is the concentration corresponding to observationof one asbestos structure In an analysis. The analyt ical sensit ivity of theMthod can be varied by choice of the area of the c o l l e c t i on f i l t e r , thevolume of air s a m p l e d , the d i lu t i on or concentration f a c t o r used In thespecimen preparation and the area of the specimen examined In the T E H . Theanalytical sensit ivity shall be quoted for each saapl e analysis.
BOTH

In prac t i c e , the lowest achievable value of analytical s ens i t ivi tyIs f r e q u e n t l y determined by the t o ta l suspended p a r t l c u l a t e
concentration In the air s a a p l e , since each p a r t i c l e on the TEH
specimen must be s eparated from ad jac en t ones by « s u f f i c i e n tdis tance that the p a r t i c l e can be I d e n t i f i e d without I n t e r f e r e n c e .P a r t l c u l a t e l oadings on f i l t e r s greater than about 25 Bg/cmr usually
prec lude preparation of TEH specimens.
If the analysis Is to be p er formed with an acceptable expenditure oftine, the area of the specimen examined In the TEH must al so bel l m i ted. The analytical s ens i t ivi ty that can be achieved for anypar t i cu lar sample depends on the air volume, the area of TEHspecimen examined, and the d i lu t ion or concentration f a c t o r used lathe analys i s , which In turn Is controlled by the amount ofp a r t l c u l a t e that Is not removed by the selective concentrationprocedures.
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11.4. LIMIT OF DETECTION
S h o u l d asbestos be observed during analysis. It Is g e n e r a l l y I m p o r t a n t tod i s t i n g u i s h whether such aabestos originated In the s a m p l e d medium or If Itwas Introduc ed as contamination during analysis. A s b e s t o s that can bs

at tr ibuted to the sampled medium Is general ly considered to have been
•detected*. T h u s , .a d e t e c t i on l imi t la d e f i n e d as the smal l e s t measurementthat Is unlikely ( p r o b a b i l i t y less then a s p e c i f i e d value) to be due
ent ire ly to contamination from sources other then the air be ing sampl ed .
Detection l i m i t s are general ly q u a n t i f i e d by cons ider ing the magnitude and
frequency of occurrence of the analyt i ca l background associated with a
part i cular method. However, de t e c t i on l i m i t s for asbestos methods sre
d i f f i c u l t to q u a n t i f y because the d i s t r ibu t ion of analyt i cal backgroundassociated with asbestos analysis tends to be poor ly behaved.

To avoid the prob l ems t y p i c a l l y a s so c t e t ed with d e f i n i n g a de t e c t i on limitfor a sbe s to s a n a l y s i s , an al t ernate procedure for d i s t i n g u i s h i n g sampledasbestos f rom contamination due to analytical background has been
Incorporated I n t o this method 9. A s t a t i s t i c a l test is p e r f o r m e d to compareatrueture concentrations observed on aample f i l t e r s with structureconcentrations observed on a p p r o p r i a t e blanks to determine whetherd i f f e r e n c e s between the concentrations observed on the two sets of f i l t e r sare s t a t i s t i c a l l y s i g n i f i c a n t .

mn
Due to the d i f f i c u l t y In character iz ing contributions to observed asbestoson individual sample s f r o m contamination introduced as analyt i ca lbackground, tests to d i s t ingu i sh "detected" aabeetos f r o m such
contamination are be t ter a p p l i e d to groups of sample s . A d j u s t m e n t s toaccount for analyt ical background are not recommended for Individualsample s .

A de t e c t i on l imi t Is more a p p r o p r i a t e for analytical methods thatemploy wet-chemical or s p e c t r o s c o p l c techniques rather thanstructure counts (as In the case of a s b e s t o s) because the formerare Invariably associated with a lower l imi t to the amount (numberof m o l e c u l e s ) that can be d e t e c t ed . For asbestos, however,
analysis by TEH Is s u f f i c i e n t l y sensitive to detec t the s m a l l e s t ,s ingle asbestos structure. T h u s the Is su e s Involved in s e t t i n g
de t e c t i on l i m i t s for TEH analyses of asbestos structures are quited i f f e r e n t than from those involved with d e t e c t ing p o p u l a t i o n s ofmolecules such as In gas chromatograph-msss spectrometry (GC-MS)analyses, for example.
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12. REFORTIHO RIOniRIHEIITS
Reporting requirements for the laboratory Include the Indiv idua l documen-t a t l on for each sample (•••pie analys i s r epor t) and the cumulative report Corany batch of sample s from • par t i cu lar etudy. The structure counting for* tobe uiad by the analyst was presented In Figure 10.1. Required data reductionby the cite data reviewer Is presented at the end of th la chapter, Sec t i on12.3. It li critical that the f o l l o w i n g documentation requirements bef o l l owed exactly to preserve the ab i l i ty to I n t e r p r e t result! without the need

to re-examine sample s .
12.1. 8 A X F U AltALTSX* KFOtT

the sample analysis report for each sa«ple shall I n c l u d e at least the
f o l l o w i n g I n f o r m a t i o n :

(a) reference to thla analytical method;
(b) I d e n t i f i c a t i o n of the air sample and the batch number of the

co l l e c t ion f i l t e r used;
(c) the dates and times of the air sample co l l e c t ion per iod;
(d) the volume of air passed through the sample c o l l e c t i on f i l t e r , thearea of f i l t e r used Cor the sampl e preparat ion, the volume of waterused Cor r e - d i s p e r s a l , the batch number of the f i l t e r s used forf i l t r a t i o n of the aqueous suspension, and, for the set of TEHspecimen grids examined, the volume of the aliquot used In the

aqueous suspension f i l t e r e d ;
(e) a comple t e l i s t i n g of the structure counting data. The dimensionsof the TEH grid openings shal l be s p e c i f i e d , and Cor esch asbestosstructure (or structure component) the f o l l o w i n g data shall beI n c l u d e d : grid opening number, structure number. I d e n t i f i c a t i o ncategory (morphological c l a s s i f i c a t i o n ) , structure type (compos i-tional c l a s s i f i c a t i o n ) , length and width of the structure In lot, and

any comments concerning the structure;
(f) a statement of the minimum acceptable I d e n t i f i c a t i o n category andthe maximum I d e n t i f i c a t i o n category a t t e m p t e d ;
(g) • stetement s p e c i f y i n g which I d e n t i f i c a t i o n and structure categorieshave been used to calculate the concentration values;

62

( h )

( t )

( J )

(k)
(1)

separate concentration value* for chry s o t l l e and amphlbola struc-tures, expressed in asbestos s t ruc ture s / l i t er*;
separate concentration values for chrysot i le and amphlbola atructuracomponent*, expressed In asbestos s t r u c t u r e s / l i t e r ' ;
the 95% conf idence l imi t s for the concentration values, expressed Inasbestos s t r u c t u r e s / l i t e r ;
the analytical sensi t ivi ty, expressed In asbestos s t ruc tur e s / l i t e r;
compositional data for the principal varieties of smphibo l e , ifpre s en t;

(m) Item* d - 1 for the separate count of asbestos structure* longerthan 5 /a s ;
An example of a suitable format for the structure counting data 1* shownin f i g u r e 12.1.
•OTC
As improved d e f i n i t i o n s of the dimensions of asbestos structures criticalto the de termination of risk become avai lable , the r epor t ing requirementsfor this method may be m o d i f i e d accordingly. At the same time, s u f f i c i e n tI n f o r m a t i o n la preserved In these r epor t ing requirements to a l low la terre-evaluation of e x i s t ing analysis results without the need to re-examinethe original aample .

12.2. SAHFUt BATCH REPORT
In a d d i t i o n to the sample analysis report for each s a m p l e , a summary pageshould be provided for each batch of sample s represent ing an entire p r o j e c t .The summary sheet should include the f o l l o w i n g I n f o r m a t i o n :
( a ) p r o j e c t t i t l e ;
(b) date sample s received and data results reported;
(c) a summary l i s t i n g of sampl e results with chryso t l l e and amphibolereported s eparate ly including:

the s saple number;

tf asbestos Is not de tec t ed during a particular analysis, theresulting mesn concentration for that sample should be reported as•ftf* for -not found".
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the analytical s ens i t ivi ty fot each size rang*' characterized(atructures of all sizes and structurea longer than 5 am)
the total mater of structures counted;
tha eoneantratlon of asbestos atructuxaa of all sizes Instructures par I t t a r v l t h a p p t o p r i a t a 95* conf idence H a i t i ;
the concentration of aibeatoa atructura components In struc-turea per l i t er v l th a p p r o p r i a t e 95% conf idence H a l t s ;
the concentration of aabeatoa atrueturea longer than 5 pm Instructures par l i ter with a p p r o p r i a t e 95% conf idence Uni t e ;
tha concentration of aabeatoa structure conponenta longer than5 urn In atructuraa par l i ter with 95% conf idence l l a i l t a ;

A sample aummary aheet la preaented In f i g u r e 12.2.
ix.3. DATA urnnr UPORT

Once the S a m p l e Batch Report la received f r o m the laboratory, thef o l l o w i n g report ing procedure will be per formed by the p r o j e c t datareviewer. The data reviewer f h a l l provide a aummary ahaet r e f l e c t i n gs p e c i f i c atepa In data reduction. The auaoary data aheet ahall Inc lude the
f o l l o w i n g I n f o r m a t i o n :

(a) the ( a m p l e number;
(b) the type of sample (lab blank, f i e l d blank, sampl ing station

I d e n t i f i e r ) ;
(o) tha analytical s ens i t ivi ty for each else f rac t i on reported(atrueturea of all. sizes and atructuraa longer than S «•);
(d) the number of total atrueturea counted;
(a) the concentration of aabaatoa atrueturea of all sizes In structuresper l i ter with 9S» confidence l l m l t a ;
(f) the concentration of aabeatoa structure components In structures parliter with 93% conf idence l l a i l t a ;
(g) die concentration of asbeatos atrueturea longer than 5 pa Inatructures per l i t er with 93% confidence l imi t s ;
(h) the concentration of asbestos structure components longer than 5 jnaIn atrueturea per l i t er with 93% confidence l i m i t s ;
(1) the ratio of fr e e asbestos f i b e r s to total aabeatoa structures;
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Laboratory name

S A M P L E A N A L Y S I S I N F O R M A T I O N (Page 1 )

Report number Data

SAMPLE: 436 Queen Stree t
San Diego
Downwind sample 1988-09-23Col l e c t ed: 8 a.m. to 4 p.m.

A N A L Y S I S : Name of methodReference to method

Air volume:Area o f c o l l e c t i on f i l t e r :Area o f f i l t e r ashed:Volume of water used for r e-di sper sa l: •Volume of suspension f i l t e r e d :Area of analytical f i l t e r :M a g n i f i c a t i o n uaad for f i b er counting:
Mean dimension of grid opanlnga:

H i g h M a g n i f i c a t i o n Scan
dumber of grid openings examined:A n a l y t i c a l S e n s i t i v i t y :{lumber of c h r y a o t l l e atrueturea counted:
Number of chrysoti le etrueture components counted:Number of amphlbole atrueturea counted:Number of amphlbol* structure components counted:

Low K a t n l f l e a t t i m g«.n

12300.0 liter*383.0 mm*96.3 mm*40.0 mL33.0 mi.199.0 mm1

20300 (high m a g n i f i c a t i o n )10200 (low m a g n i f i c a t i o n )90.0 «*

38
0.5 a A.63 ( I n c l u d i n g T, H. C91

12 If only)12

B)

"umber of grid opening* examined:Analyt i ca l sensitivity:
Number of long chryso t i l e atrueturea counted:Cumber of long chrysotile structure component* counted:Number of long amphlbole atrueturea counted:Dumber of long amphlbole structure component* counted:

3370.02 a/L3 (B and C)1400

: Only structures with component* longer than Smu counted duringthe low magni f i ca t i on aean.

Figure 11.lAi format for Reporting of Counting Data, Page 1
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A S B E S T O S ( b u l k ) b y P L M 9002

various MW: various C A S : 1332-21-4 RTECS: CI6475000
M E T H O D : 0002, ISSIM 2 E V A L U A T I O N : P A R T I A L Issue 1: 15 May 1989Issue 2: 15 August 1994

CJ>A Standard (Bulk): 1% PROPERTIES: solid, f ibrous, orystalllne, anlsotropio

SYNONYMS [ C A S * ] : a c t lno l l t e [77536-6W], or f erroac t inol l t e [15669-07-6]; amoslte [12172-73-5]; a n t h o p h y f l t t e [77536-67-5];chrysotile [12001-29-5]; serpentine [18786-24-8]; crocidoIKe [12001-2B-4];tremolite [77536-68-6]; amphlboleasbestoB [1332-21-4].

S A M P L I N G M E A S U R E M E N T
BULK S A M P L E :
S H I P M E N T :

S A M P L ES T A B I L I T Y :

1 to 10 grams
seal securely to prevent escape of. asbestos

stable

T E C H N I Q U E : M I C R O S C O P Y , STEREO A N DP O L A R I Z E D L I G H T , W I T H D I S P E R S I O NS T A I N I N G
ANALYTE: ac t ino f l t e asbestos, amcwlte, a n t h o p h y U J t easbestos, chrysotile, croc ldol t t e , tremollteasbestos

B L A N K S : none required

A C C U R A C Y
R A N G E S T U D I E D :
BIAS:
P R E C I S I O N :

A C C U R A C Y :

<1% to 100% asbestos
not determined-
not determined
not determined

EQUIPMENT: microscope, polarized light; 100-400Xdispersion staining objective, stereomicroscope: 10-45X
RANGE: 1% to 100% asbestos
ESTIMATED LOD: <1% asbestos [1]
PRECISION: not determined

APPLICABILITY: this method Is useful tot the qualitative ident i f i cat ion of asbestos and the Mml-quantitative determination ofasbestos content of bulk samples. The method measures percent .asbestos as perceived by the analyst In comparison tostandard area project ions, photos, and drawings, or trained experience. The method is not appl icable to samples containinglarge amounts of f in e f i b er s below the resolution of the Nght microscope.

INTERFERENCES: Other f i b e r s with optical properties similar to the asbestos minerals may give positive Interferences. Opticalproperties of asbestos may be obscured by coating on the fibers. Fibers f i n e r than the resolving power of the microscope (ea.0.3 i*n) will not be detected. Heat and add treatment may af t e r the I n d e x of refraction of asbestos and change its color.

OTHER METHODS: This method (orig inal ly designated as method 7403) Is designed'tor use with NIOSH Methods 7400 (phasecontrast microscopy) and 7402 (electron mlcroscopy/EDS). The method Is similar to the EPA bulk asbestos method [1].

Man. ml nf An*hitin«l U*«hnri« / K i M A U l PAnr+h CriWnn



ASBESTOS (bulk): METHOD 9002. Is sue 2, dated 15 August 1994 - Page 2 of 9
R E A G E N T S :

1. Refractive I n d e x (RI) l iqu id s for DispersionStaining: high-dispersion (HD) series, 1.550,1.605,1.620.2. Refractive index liquids: 1.670, 1.680, and1.700.3. Asbestos reference samples such as SRM#1866, available from the National Institute of.:•• Standards and Technology.*4. Dist i l led Water (optional).5. Concentrated HQ: ACS reagent grade.

S e e S P E C I A L P R E C A U T I O N S .

E Q U I P M E N T :
1. S a m p l e containers: screw-top plas t i c vials of10- to 50-mL capacity.2. Microscope, polarized light, with polarizer,analyzer, port for retardation plate, 360°graduated rotating stage, substage condenserwith Iris, tamp, lamp iris, and:a. Objective lenses: 10X. 20X, and 40X ornear equivalentb. Ocular iense: 10X minimum,c. Eyepiece reticle: crosshair,d. Dispersion staining objective lens orequivalente. Compensator plate: ca 550 nm ± 20 nm,retardation: f ir s t order red" compensator...3U. Microscope slides: 75 mm x 25 mm.4. Cover slips.5. Venti lated hood or negative-pressure glovebox.6. Mortar and pestle: agate or porcelain.7. Stereomlcroscope, ca 10 to 45X8. Light source: Incandescent or fluorescent9. Tweezers, ' dissecting needles, spatulas,probes, and scalpels.10. Glas s lne paper or dean glass plate.11. Low-speed hand drill with coarse burr bit(optional).

SPECIAL PRECAUTIONS: Asbestos, a human carcinogen, should be handled only In an exhaust hood(equipped with a HEP A filter) [2]. Precautions should be taken when col lec t ing unknown samples, whichmay be asbestos, to preclude exposure to the person col l ec t ing the sample and minimize the di srupt ionto the parent material [3]. Disposal of asbestos-containing materials should f o l l o w EPA" Guidel ines [4].
S A M P L I N G :

1. Place 1 to 10 g of the material to be analyzed In a sample container.NOTE: For large samples (La, whole ceOIng ti le s) that are. fairly homogenous, a representativesmall portion should be submitted for analysis. Sampl e size should be adjusted toensure that ft Is representative of the parent material.2. Make sure that sample containers are taped so they wfll not open In transit3. Ship the samples hi a rigid container with s u f f i c i e n t packing material to prevent damage orsample loss.
S A M P L E P R E P A R A T I O N :

4. Vi sua l ly examine samples In the container and with a l ow-magni f l ca t idn stereomlcros.cope In ahood. (If necessary, a sample may be c a r e f u l l y removed from the container and placed ongla s s lne transfer paper or clean glass plate for examination). Break off a portion of the sampleand examine the edges for emergent fibers. N o t e the homogeneity of the sample. Some hardtiles can be broken, and the edges examined for emergent fibers. If f ibers are found, make anestimate of the amount and type of f i b e r s present, confirm f i b e r type (step 14) and quant i fy (step15).
I K.U...J. n > l > J * l n E....U. i . _ o H B / C M



______ASBESTOS (bulk): METHOD 9002. Is su e 2, dated 15 August 1994 - Page 3 of 9______
5. In a hood, open sample container and with tweezers remove small, representative portions ofthe sample.a. If there are obvious separable layers, sample and analyze each layer separately,b. If the sample appears to be s l i g h t l y Inhomogeneous, mix It In the sample container withtweezers or a spatula before taking the portion of analysis. Alternatively, take smallrepresentative portions of each type of material and place on a glass slide,c. On hard t i l e s that may have thin, inseparable layers, use a scalpel to cut through all thelayers for a representative sample. Then cut It Into smaller pieces a f t e r placing Rl liquid on Itbefore trying to reduce the thickness. Alternatively, use a low-speed hand drill equippedwith a burr bit to remove material from hard tiles. Avoid excessive heating of the samplewhich may alter the optical properties of the material.NOTE: This type of sample o f t e n requires ashing or other specialized preparation, and mayrequire transmission electron microscopy for detection of the short asbestos f iberswhich are characteristic of f l o o r tiles,d. If the sample has large, hard particles, grind ft in a mortar. Do not grind so f ine that f ibercharacteristics are destroyed.e. If necessary, treat a portion of the sample in a hood with an appropriate solvent to removebinders, tars, and other Interfering materials which may be present In the sample. Makecorrections for the non-asbestos material removed by this process.NOTE: Other methods of sample preparation such as acid washing and sodiummetaphosphate treatment and ashing may be necessary, especially to detect lowconcentrations of asbestos. If needed, use as described In Reference [1].6. After p lac ing a few drops of Rl liquid on the slide, put a small portion of sample In the liquid.Tease apart with a needle or smash small clumps with the flat end of a spatula or probe,producing a uniform thickness or particles so that better estimates of projected areapercentages can be made. Mix the f iber s and particles on the s l ide so that they are ashomogeneous as possible.NOTE: An even dispersion of sample should cover the entire area under the cover sl ip, somepractice wfll be necessary to j u d g e the right amount of material to place on the slide.Too little sample may not give s u f f i c i e n t Information and too much sample cannot beeasily analyzed. . *

C A L I B R A T I O N A N D Q U A L I T Y C O N T R O L
7. Check for contamination each day of operation. Wipe microscope slides a n d ' e o v e r s l ips withlens paper before using. Check refractive index liquids. Record results in a separate logbook.8. Verify the refractive Indices of the refractive Index l iquids used once per week of operation. -' : -rRecord these checks In a separate logbook.9. . Follow the m a n u f a c t u r e r ' s instructions f g r j l u m l n a t i o n , condenser alignment and othermicroscope adjustments . Perform these adjus tments prior to each sample set10. Determine percent of each iden t i f i ed asbestos species by comparison to standard project ions(Figure 1) [1 j. If no f ibers are detected In a homogeneous sample, examine at least twoadditional preparations before concluding that no asbestos is present11. If It appears that the preparation technique might not be able to produce a homogeneous orrepresentative sample on the slide, prepare a dup l i ca t e s l ide and average the results.Occasionally, when the dup l i ca t e results vary greatly, it will be necessary to prepare additionalreplicate s l ides and average all the replicate results. Prepare dupl i ca t e slides of at least 10% ofthe samples analyzed. Average the results for reporting.12. Analyze about 5% blind samples of known asbestos content " . "13. Laboratories p e r f o rming this analytical method should par t i c ipa t e In the National VoluntaryLaboratory Accreditation Program [5] or a similar Intel-laboratory quality control program. Eachanalyst should have complete formal training in polarized l ight microscopy and its appl i cat ion tocrystall ine materials. In lieu of formal training, laboratory training in asbestos bulk analysis underthe direction of a trained asbestos bulk analyst may be substituted. Owing to the subjectivenature of the method, frequent practice is essential in order to remain prof i c i ent in estimating,projec t ed area percentages.

NIOSH Manual o f Analytical Methods (NMAM), Four th Edition, 8/15/94



______ASBESTOS (bulk): METHOD 9002. Issue 2, dated 15 Augus t 1994 - Page 4 of 9_____
Q U A L I T A T I V E A S S E S S M E N T :

14. Scan the s l id e to identify any asbestos minerals using the optical properties of morphology,refractive Indice s , color, pteochrolsm, birefringence, extinction characteristics, sign of elongation,and dispersion staining characteristics.NOTE: Identification of asbestos using polarized light microscopy is unlike most other analyticalmethods. The quality of the results Is dependent on the skill and judgment of theanalyst This method does not lend i t s e l f easBy to a step-wise approach. Variousprocedures devised by different analysts may yield equivalent results. The f o l l o w i n g.. • step-wise procedure repeatedly utilizes the sample preparation procedure previouslyoutlined.& Prepare>a sl ide using 1.550 HD Rl liquid. Adjust the polarizing filter such that the polars arepar t ia l ly crossed, with ca. 15° o f f s e t Scan the preparation, examining the morphology forthe presence of fibers. If no f ibers are f ound , scan the additional preparations. If no f ibersare found in any of the preparations, report that the sample does not contain asbestos, andstop the analysis at this point -b. If f ibers are f o u n d , adjus t the polarizing f & t e r s u c h that the polars are fully crossed. If all ofthe f ibers are Isotropic (disappear at all angles of rotation) then those fibers are notasbestos. Fibrous glass arid mineral wool, which are common components of suspectsamples, are isotropic. If only Isotropic f ibers are found In the additional preparations, reportno asbestos f i b er s detected, and stop the analysis. .c. If anisotropic f ibers are f ound, rotate the stage to determine the angle of extinction. Except.for tremoil te-act lnol l te asbestos which has oblique extinction at 10-20°, the other forms ofasbestos exhibit paralle l extinction (Table 1). Tremol l t e may show both parallel and obliqueextinction.d. Insert the first order red compensator plate in the microscope and determine the sign ofelongatioa All forms of asbestos have a positive sign of elongation except for crocldolite. ifthe sign of elongation observed Is negative, go to step "g."NOTE: To determine the direction of the sign of elongation on a particular microscopeconfiguration, examine a known chrysotDe sample and note the direction (NE-SW orNW-SE) of the blue coloration. ChrysotOe has a positive sign of elongation.e. Remove the first-order red compensator and uncross the polarizer. Examine under planepolarized light for blue and gold-brown Becke colors at the fiber-ol interface (i.e., Index ofrefraction match). Becke colors are not always evident Examine f iber morphology fortwisted, wavy bundles df f ibers which are characteristic of chrysotlle. Twisted, ribbon-likemorphology with cellular .internal features may Indicate cellulose fibers. It may be necessaryto cross the polars par t ia l ly In order to see the f ibers if the Index of refraction is an exact - ••=-;match at 1.550. If the f ibers appear to have higher index of refraction, go to step "h,"otherwise continue.f. I d e n t i f i c a t i o n of chrysotiie. Insert the dispersion staining objective. Observation ofdispersion staining colors of blue and blue-magenta confirms chrysotie. Cellulose, which Isa common interfering f iber at the 1.550 index of refraction, will not exhibit these dispersionstaining colors. If chrysb t f l e is found, go to step 15 for, quantitative estimation,g. I d e n t i f i c a t i o n of crocldolite. Prepare a slide in 1.700 Rl liquid. Examine under plane-polarized light (uncrossed polars); check for morphology of crocldolite. Fibers wfll bestraight, with rigid appearance, and may appear blue or purple-blue. Crocldoli te is .pleochroic, i.e., it wfll appear to change Its color (blue or gray) as It is rotated through planepolarized l ight Insert the dispersion staining objective. The central stop dispersion stainingcolor are red magenta and blue magenta, however, these colors Are sometimes difficult toimpossible to see because of the opacity of the dark blue fibers. If observations aboveindicate crocldolite, go to s tep 15 for quantitative estimation.h. • I d e n t i f i c a t i o n of amoslte. Prepare a s l ide In 1.680 Rl liquid. Observed the f i b er morphologyfor amoslte characteristics: straight fibers and f iber bundles with broom-like or splayedends. If the morphology matches amoslte, examine the f i b er s using the dispersion stainingobjective. Blue and pa l e blue colors indicate the cummlngtonl te form of amosite, and goldand blue colors I n d i c a t e the grunerite form of amosite. If amosite Is confirmed by this test,
N10SH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/84



_____ASBESTOS (bulk): METHOD 9002, Issue 2, dated 15 Augus t 1994 - Page 5 of 9_____
go to s tep 15 for quantitative estimation, otherwise continue.

i. I d e n t i f i c a t i o n of an thophyl l i t e - t r emol i t e -ac t ino l i t e . Prepare a s l ide In 1.605 HD R! liquid.Examine morpho logy for comparison to a n t h o p h y l l l t e - t r e m o l l t e - a c t i n o l l t e asbestos. Therefractive I n d i c e s for these f orms of asbestos vary natural ly within the species. Anthophyllftecan be d i s t ingui shed from ac t ino l l t e and tremoli t e by Its nearly para l l e l extinction. Act ino l l i ehas a l igh t to dark green color under plane-polarized l igh t and exhibits some pieochrolsm.For all three, f i b er s will be s traight, s ingle f i b e r s po s s i b ly with some larger composite fibers.Cleavage f r a g m e n t s may also be present Examine using the central s top dispersionstaining objective. Anthophyllfte will exhibit central stop colors of blue and g o l d / g o l d -magenta; tremolite will exhibit pale blue and yellow; and ac t lnol i t e will exhibit magenta andgolden-yel low colors.NOTE: In this refractive index range, wol la s tont t e Is a common inter fer ing mineral withsimilar morpho l ogy Including the presence of cleavage fragments. It has bothpositive and negative sign of elongation, parallel extinction, and central stopdispers ion staining colors of pale yellow and pa l e yellow to magenta. If f ur th erconfirmation of wollas tonite versus a n t h o p h y l l l t e is needed, go to s tep "j". If any ofthe above forms of asbestos were confirmed above, go to step 15 for quantitativeestimation. If none of the tests above confirmed asbestos f ibers , examine theadditional preparations and If the same result occurs, report the absence of. asbestos in this samplaj. Wash a small portion of the sample In a drop of concentrated hydrochloric acid on a slide.Place the s l ide , with cover s l i p in place, on a warm hot plate until dry. By capillary action,place 1.620 Rl liquid under the cover c l ip and examine the slide. Wol la s t on i t e f i b er s willhave a "cross-hatched" appearance across the l ength of the f iber s and will not show centrals top dispersion colors. A n t h o p h y l l i t e and tremolite will still show their original dispersioncolors.NOTE: There are alternative analysis procedures to the step-wise approach outlined abovewhich will yield equivalent results. Some of these alternatives are:I. Perform the Initial scan for the presence of asbestos using crossed po far s asi- well as the f irst-order red compensator. This allows for simultaneous viewing ofb lr e f r ingent and amorphous materials as well as determine their sign ofelongation. Some f ibers which are covered with mortar may best be observedusing this configuration.U. Some analysts p r e f e r to.mount their f ir s t preparation In a Rl liquid d i f f e r e n t thanany asbestos materials and conduct their Initial examination under plane-polarized light ..111. If alternative Rl l iquids are used from those s p e c i f i e d , dispersion staining colors"observed will also change. Refer to an appropriate reference for the s p e c i f i ccolors associated with asbestos in the Rl l iquids actually used.
Q U A N T I T A T I V E A S S E S S M E N T :

15. Estimate the content of the asbestos type present in the sample using the 1.550 Rl preparation.Express the estimate as an area percent of all material present taking Into account the loadingand dis tribution of all sample material on the slide. Use Figure 1 as an aid in arriving at yourestimate. If additional u n i d e n t i f i e d f ibers are present in the sample, continue with the qualitativemeasurement (step 14).NOTE: Point-counting techniques to determine percentages of the asbestos minerals are notgeneral ly recommended. The point-counting method only produces accuratequantitative data when the material on the s l i d e is homogeneous and has & uniformthickness, which is difficult to obtain [6]. The point-counting technique is, recommendedby the EPA to determine the amount of asbestos in bulk [1]; however, in the marerecent Asbestos Hazard Emergency Response Act (AHERA) regulations, asbestosquant i f i ca t ion may be per formed by a point-counting or equivalent estimationmethod [7].
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_____ASBESTOS (bulk): METHOD 9002, Issue 2, dated 15 August 1994 - Page 6 of 9_____
16. Make a quantitative estimate of the asbestos content of the sample from the appropria t ecombination of the estimates from both the gross and microscopic examinations. If asbestosf ibers are i d e n t i f i e d , report the material as "asbestos-containing". Asbestos content should bereported as a range of percent content The range reported should be Indicative of the analyst'sprecision in estimating asbestos content For greater quantities use Rgure 11n arriving at yourestimate.

EVALUATION OF METHOD:
The method Is complied from standard techniques used In mineralogy [8-13], and from standardlaboratory procedures for bulk asbestos analysis which have been utilized for several years. Thesetechniques have been succe s s ful ly appl i ed to the analysis of EPA Bulk Sample Analysis QualityAssurance Program samples since 1982 [ 1 , 5 ] . However, no formal evaluation of this method, as written,has been performed.
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each tray into a clean, pre-weighed s a m p l e b o t t l e (Figure 8-6) to be weighed (Sec t i on 8.2.1)and packaged for shipment to the laboratory (Sect ion 8.4). Be sure that samples aret ran s f e r r ed quanti tat ive ly f r om each tray.

N O T E
NEVER MAKE A PARTIAL TRANSFER OF MATERIAL FROM A SPLITTER TRAY TO
A R E C E I V I N G C O N T A I N E R . T H I S W O U L D D E F E A T T H E P U R P O S E F O RH O M O G E N I Z A T I O N A N D S P L I T T I N G B E C A U S E I T I S I M P O S S I B L E T O A S S U R ET H A T A L L O F T H E S I Z E C O M P O N E N T S O F T H E S A M P L E A R E T R A N S F E R R E DP R O P O R T I O N A L L Y U N D E R S U C H C I R C U M S T A N C E S .

Clean the .body of the s p l i t t e r , all trays, and any appurtenant equipment (such as a nylonbrush) between s a m p l e s (but not between s p l i t s of the same s a m p l e ) with a detergent washf o l l o w e d by thorough rinsing with d i s t i l l e d , f i l t e r e d water. Be sure that the s p l i t t e r , trays, andappurtenant equipment are c o m p l e t e l y dry be fore use. T h e s e may be dried with forced airthat is p r o p e r l y f i l t e r e d to be f r e e of asbestos.
Option 2: Use of a mixer with coning and quartering. S a m p l e s may also behomogenized for this method using any of various s ealed, rotating mixers (tumblers). Themixers should contain internal b a f f l e s to promote mixing. Such mixers must be s u f f i c i e n t l ylarge to accommodate the largest s ampl e to be homogenized 1 7 with adequate room tospare so that tumbl ing is f a c i l i t a t ed . The mixers must be scalable to prevent the loss of f i n e sduring mixing.

Place the f i n e f rac t i on of the sample to be homogenized in a clean, dry mixer. Seal the mixer.T u m b l e the mixer at the manufacturers recommended speed for an amount of timerecommended by the manufacturer to assure adequate homogenization. S t o p the mixer andallow ample time ( a p p r o x i m a t e l y 15 minutes) for the f i n e s to settle. Disconnect the mixingcontainer from the rest of the mixer. Open the mixer.
Under this op t i on , a procedure termed coning and quartering is used to s p l i t a homogenizedsample. Lay out a clean, aluminum p la t e on a flat surface. Hold the mixer immediately overthe center of the p la t e and rotate the mixer around an axis represented by the lip on one sideof its mouth so that the sample material slowly pours onto the metal p l a t e f o r m i n g asymmetrical cone ( F i g u r e 8-7). K e e p the point at which the poured material impacts the coneat the same spot and s lowly raise the mixer as the pouring continues to keep the distancebetween the mixer lip and the top of the cone a p p r o x i m a t e l y constant When the mixer isfully inverted, tap it vigorously to comple t e the quantitative transfer.

To halve the cone, hold a second (clean, dry) aluminum p l a t e d irec t ly over the apex (topcenter) of the cone at an angle that is p e r p e n d i c u l a r to the aluminum p la t e on which the conelies. Slowly lower the second plate so that it s p l i t s the cone precisely in half (Figure 8-8a).W h i l e h o l d i n g the two p l a t e s steady, push one half of the cone off of the original p l a t e andaway f rom the rest of the sampl e (Figure 8-8b). Brush the area from which this material is
17 H samples are to be composited as described in Sect ion 8.3, the mixer may have to be capable of h a n d l i n g sample s. that range up 40 kg in size. •
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FIGURE 8-7
T R A N S F E R I N G S A M P L E F R O M A M I X E R T O A P L A T E

F O R C O N I N G A N D Q U A R T E R I N G

Mixer

K e e p T h i s Distance S m a l land Constant
S l o w l yIncrea s eT i l t



FIGURE 8-8
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removed to c ompl e t e a quantitative trans f er , leaving only clean metal. Once h a l f of thes a m p l e material has been removed, wi thdraw the vertical a l u m i n u m p l a t e s lowly by p u l l i n g itupward vertically.
To comple t e quartering of the cone, rotate the vertical aluminum pla t e above the cone 90° ona vertical axis. Lower the p l a t e s l owly once again so that it s p l i t s the remaining port ion of thesample cone evenly into two new halves. Once again, quantitatively remove hal f of thes a m p l e material (i.e. remove all. of the material f r o m one side of the vertical p la t e) . Thisprocess may be repeated by quantitatively trans f err ing the remaining sample material into aclean bucket and pour ing the s a m p l e onto the clean aluminum p l a t e to form a new cone.
Repeat the coning and quartering process unt i l the remaining quarters (or halves) of thesample at the end of one cycle falls in the range of 50 to 80 g. At that point, car e fu l ly trans f erthe material f r om each quarter (or half) into a clean, pre-weighed sample b o t t l e to be weighed(Section 8.2.1) and packaged for shipment to the laboratory (Sect ion 8.4).

• NOTE
N E V E R M A K E A P A R T I A L T R A N S F E R O F M A T E R I A L F R O M A N Y P O R T I O N O F

T H E C O N E T H A T DOES N O T I N C L U D E A W E D G E D - S H A P E S L I C E T H R O U G H T H E
C E N T E R O F T H E C O N E OVER I T S E N T I R E T H I C K N E S S ( D E P T H ) . T H I S W O U L DD E F E A T T H E P U R P O S E F O R F O R M A L C O N I N G A N D Q U A R T E R I N G B E C A U S E I T
I S I M P O S S I B L E T O A S S U R E T H A T A L L O F T H E S I Z E C O M P O N E N T S , W H I C HW I L L W O T B E H O M O G E N E O U S L Y D I S T R I B U T E D V E R T I C A L L Y T H R O U G H O U T T H E
C O N E O F T H E S A M P L E , A R E T R A N S F E R R E D P R O P O R T I O N A L L Y .

8 . 3 C O M P O S I T I N G S A M P L E S ( O P T I O N A L )
In many cases, there may be interest in l i m i t i n g the number of analyses required tocharacterize a matrix that serves as a potent ial source without sa cr i f i c ing representativeness.One procedure that may be employed for this p u r p o s e is to composi te sample s in the f i e l d .N o t e however, while c ompo s i t ing can reduce the cost of analysis by reducing the number ofs ampl e s requiring analysis , also lost is in format i on concerning the spat ial var iab i l i ty of thes ampl ed matrix. T h e r e f o r e , if such i n f o r m a t i o n is desired for any par t i cu lar reason,c ompo s i t ing is not recommended.
Only minor a d j u s t m e n t s to the field preparat ion procedure s described above are required toincorporate compos i t ing into this method. First, d u r i n g p l a n n i n g , group the sample s to beco l l e c t ed in the f i e l d into sets that are to be composited. For example , there may be a desireto combine all sample s f r o m the eastern part of a road into a composite representing the eastend of the road. S i m i l a r l y , s ampl e s f r o m the west end might be combined into a west endcomposite. A l t e r n a t e l y , all sample s f rom the road may be combined into a s ingle composi te ,r epr e s en t ing the road as a whole. As another a l t ernat ive , the composi te road sampl e mightalso be s p l i t into d u p l i c a t e pairs to a l l ow de t e rminat i on the variabi l i ty contributed by s a m p l e 'prepara t i on and analysis. Such decisions shall all be determined during p l a n n i n g .
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N O T E
It is expected that the same set of locat ions wi l l be selected for sampl e c o l l e c t i onwhether or not composi t ing is employed; composi t ing only changes the number ofanalyses required. Thi s is because, the same number of samples co l l e c t ed f rom a setof locat ions se lected using the same f o r m a l procedures are still required to adequat e lycharacterize the sampl ed matrix, whether or not sample s are composited prior toanalysis.

When brought to the central location where field preparation is conducted, a f t e r the initialweighing, the samples collected from a set that is to be composited can be combined in acommon bucket. Modify the procedures described in Sect ions 8.2.1 and 8.2.2 as f o l l o w s :
• transport each sample (of a set to be compos i t ed) from the point of col lec t ion toa central location in a clean bucket;

• weigh the sample and record the weight along with the appropr ia t e samplei d e n t i f i e r . Subtract the tare weight of the bucket and record the net weight of thes a m p l e ;
• sieve the sample and collect the f i n e f rac t i on f r om each sample in the set to becomposi ted in a common bucket. W e i g h the bucket containing the f i n e sf o l l o w i n g the add i t i on of the contributions of each sample and subtract theprevious weight of the bucket to determine the net weight contributed by eachsample . Record the weight with the p r o p e r i d e n t i f i e r in the f i e l d notebook; and
• trans f er the coarse frac t ion f rom each sample in the set to be composited to acommon bucket. W e i g h the bucket containing the coarse frac t i on f o l l o w i n g thea d d i t i o n of the contributions f r om each sampl e and subtract the previous weightof the bucket to determine the net weight contributed by each sample. Recordthe weight of the coarse frac t ion with the proper sample id en t i f i e r in the fieldnotebook.

Once all the samples of the set to be composited have been collected and added , thecombined f i n e frac t ion f rom all of the sample s (which resides in a common bucket) shal l begiven a separate i d e n t i f i e r repre s ent ing the intended composite. Record the new i d e n t i f i e r inthe field notebook. This material can now be treated as a s ingle, composite sample for allremaining steps of f i e l d preparation and sample handl ing, packaging, and shipment to thelaboratory. T h u s , homogenize and s p l i t the sample as described in Sect ion 8.2.3 and. package and ship the sample to the laboratory as described in Sect ion 8.4. Record theappropr ia t e weights of the samples to be sh ipped as described in Section 8.2.1.
8 . 4 S A M P L E H A N D L I N G A N D S H I P M E N T
Once their weights and ident i f i e r s are recorded, the samples to be s h i p p e d to the laboratorymust be sealed and lab e l ed . Fill out and a p p l y a p p r o p r i a t e lab e l s to each sample bott le.Record the date and time that each sampl e was created on both the label and the fieldnotebook and be sure that the id en t i f i ca t i on numbers on the label and f i e l d notebook match.
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Fill out the a p p r o p r i a t e chain of cu s tody f o r m s and seal each s a m p l e cap. with a breakawaylabel. As indicated in Sect ion 12.2, be sure to c o m p l e t e the f i e l d activities report and toi n c l u d e th i s report in the package with s a m p l e s sent to the laboratory.
W i p e each s a m p l e to be s h i p p e d to the laboratory with a clean, a sbe s to s- free c loth and p l a c eit in a cooler. Ship s a m p l e s to the laboratory in a cooler with ice to l imi t b i o l o g i c a l growthduring shipment. Sufficient ice must be provided to assure that samples remain cold untilreceived and processed by the laboratory.

N O T E
When matrices that are s a m p l e d contain a s i g n i f i c a n t f r a c t i o n of coarse material (i.e.more than 10% by mass), the f i n a l determination of the concentration of asbestos inthat matrix must be a d j u s t e d to account for the f r a c t i o n of coarse material. Thisrequires d e t e rmin ing the ratio of the mass of fine material in the s ampl ed matrix to thetotal mass of material in the s a m p l e d matrix to generate a "coarseness a d j u s t m e n tfactor". The concentration of asbestos determined for s a m p l e s sent to the laboratorymust then be m u l t i p l i e d by this coarseness adjus tment fa c t or to determine theconcentration of asbestos in the sampl ed matrix.
Equations for der iv ing and using the coarseness a d j u s t m e n t f a c t o r are prov ided inSec t i on 11.4.3. The we igh t s of the coarse and f i n e f r a c t i o n s of each sampl e are to beinc luded (a long with the a p p r o p r i a t e s ampl e i d e n t i f i e r s ) as part of the f i e l d activitiesreport that is to be s h i p p e d with the s a m p l e to the laboratory ( S e c t i o n 12.2). T h i sassures that ind iv idua l s re spons ib le for es t imating the concentration of asbestos forthe pro j e c t have access to the required f i e l d in format ion .
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9 . 0 S A M P L E P R E P A R A T I O N B Y D U S T G E N E R A T I O N

The primary purpo s e for sample preparat ion by dust generation that is described in thissection is to generate d u s t - l a d e n filters that can be su i tab ly prepared for analysis by ana p p r o p r i a t e method for the d e t e rminat i on of asbestos in air®. The rate of generation oftotal r e sp i rab l e dust is also monitored and is used both to estimate the total mass ofre sp irable dust in the original s a m p l e and to tie asbestos structure concentrations determinedf r om filters to the mass of the original sample. S u c h in format i on might also be used in somestudies to characterize the r e l e a s i b i l i t y of asbestos (or total du s t) from part icular s a m p l etypes.
A de ta i l ed de s cr ip t ion of the apparatu s employed for dust generation and its theory ofoperation is provided in A p p e n d i x A. S p e c i f i c a t i o n s and construction drawings are alsoprovided.
9 . 1 S A M P L E R E C E I V I N G A N D S T O R A G E
All s a m p l e s received f r o m the field are to be wiped clean with a damp c lo th prior to storageor other h a n d l i n g . S a m p l e s sha l l be stored at ice t emperature (to minimize b io logical growth)until s ampl e p r e p a r a t i o n is in i t ia t ed . To minimize compl i ca t ions f rom bio logical agents, onceinitiated, sample prepara t i on shal l be c omple t ed e xp ed i t i ou s ty . In any case, samplepreparat ion shal l be comple t ed within 48 hours.
S a m p l e s to be pr epared using the dust generator are to be inspected for the presence of f r e ewater. If a s a m p l e contains f r e e water or if the s a m p l e appear s vis ibly moist, it shall be driedat low t emperature . If time permit s , p lace the s ampl e in an open, shal low container and storeit for several days in a desiccator containing moist po ta s s ium carbonate d i h y d r a t e or anothersalt that corresponds to the salt selected for humid i ty control (see Sect ion 9.3.2). The t y p e of' salt placed in the desiccator i s chosen d e l i b e r a t e l y ; rather than to dry the sampl e c o m p l e t e l y ,the goat is to bring the moisture content of the s a m p l e into equil ibrium with condit ions thatwill prevail in the dust generator.
if s u f f i c i e n t time is not available to dry the s ampl e in a desiccator, the sample may be ovendried. Dry the sample in an open, shal low container in an oven that is maintained at atemperature below 60° C until the sample comes to constant weight Note that oven-driedsample s may require addi t ional time for condi t ioning (Sec t i on 9.4.2) because the moisturecontent of the sample will need to be increased to bring it into equilibrium with conditionsprevailing in the dust generator.
Once dry, samples smaller than 80 g can be loaded direc t ly into the tumbler of the dustgenerator (Section 9.4.1). Larger sample s must be homogenized and s p l i t , as described inSec t i on 9.2, prior to being p lac ed in the tumbler of the dust generator.

1( The ISO method for the de termination of asbestos in air (using either an indirect or » direct fitter preparation technique •• C h a t f i e l d 1993) is the d e f a u l t method recommended for use in tandem with this method.
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9 . 2 S A M P L E H O M O G E N I Z A T I O N A N D S P L I T T I N G I N T H E LABORATORY
S a m p l e s received f i o m the field that are l a r g e r than a p p r o x i m a t e l y 80 g must be d r i e d , asdescribed above, and then homogenized and s p l i t as described in this section.

W A R N I N G :
B E C A U S E A S B E S T O S C O N T A I N I N G D U S T S M A Y B E G E N E R A T E D F R O M T H EH A N D L I N G A N D P R E P A R A T I O N O F B U L K S A M P L E S , A L L O F T H E F O L L O W I N GP R E P A R A T I O N S T E P S S H A L L B E P E R F O R M E D I N A P R O T E C T I V E E N C L O S U R E(I.E. A HEPA FILTERED GLOVE BOX OR AN APPROVED FUME HOOD THAT ISD E S I G N E D T O M I N I M I Z E E X P O S U R E T O L A B O R A T O R Y P E R S O N N E L 1 9 ) . I T I SA L S O N E C E S S A R Y T H A T A L L H A N D L I N G O F B U L K S A M P L E S B E C O N D U C T E D I NA S E P A R A T E ROOM T H A T I S P H Y S I C A L L Y I S O L A T E D F R O M T H E R O O M ( S ) I NW H I C H A I R S A M P L E S A R E H A N D L E D A N D A S B E S T O S A N A L Y S I S I S
P E R F O R M E D .

As with field homogenization and s p l i t t i n g (Section 8.2.3), either of two options may beselected for homogenization and s p l i t t i n g in the laboratory. When p e r f o r m e d in thelaboratory, however, such equipment must fit within an a p p r o p r i a t e l y d e s igned , protec t iveenclosure, which is why field preparat ion may be cos t-ef fec t ive.
H o m o g e n i z e large sampl e s in pre c i s e ly the same manner as described in Sect ion 8.2.3.Once s a m p l e s are homogenized, s p l i t s ampl e s in pre c i s e ly the same manner as described inSection 8.2.3. Continue s p l i t t i n g until a paired set of samples are produced that each containbetween 50 and 60 g of material. Record in a laboratory notebook the f ina l weights andi d e n t i f i c a t i o n numbers of the sampl e s homogenized and sp l i t .
9.3 DUST GENERATOR SETUP
Prior to using the dust generator, a s u p p l y of at least 35 MCE filters must be conditioned andstored for use, the constant humidity chamber must be loaded with the appropriate solution,the scrubber must be p r i m e d , and air f l o w within the dust generator must be calibrated andadju s t ed .

9.3.1 Condi t i on ing a Stock of F i l t e r s
A stock of at least 35 f i l t e r s (0.45 pm pore size, 25 mm diameter), all from the same filter lot,must be conditioned in a desiccator overnight to bring them into equilibrium with the relativehumidi ty at which they will be used during a run. Place the 35 MCE f i l t e r s in a desiccatorcontaining moist salt of the same variety as that selected to fill the pans in the humid i tycontrol chamber of the dust generator (Section 9.3.2). For most applications, this will bepotass ium carbonate d ihydrat e (see A p p e n d i x A).

Tht work should bo performed in • Class II biohazard hood as per the specif ications of Standard #49 of the NationalSanitation Foundation.
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After storing the filters overnight in the desiccator, pre-weigh each filter to a minimumprec i s ion of ± 0.0002 g20. Each filter s h a l l then be p la c ed in a separate, covered Petri d i shwith its weight marked on the top of the container. The l i d s shal l also be numberedsequent ia l ly and the f i l t e r s shall all be used during the run in the order numbered.
9.3.2 I n i t i a t i n g H u m i d i t y Control

Use asbe s to s- free (filtered/distilled) water to make a 2 L solution of saturated salt. Asindicated previously, for most app l i ca t i on s , use potassium carbonate dihydrate (to achieve arelative humid i ty of 43%), but other salts may be used for s p e c i f i c a p p l i c a t i o n s (see A p p e n d i x
A) 2 t.
Prepare the so lut ions by p l a c i n g 1000 g of the anhydrous salt into a one L container andadding d i s t i l l e d water to fill the container. The container should be capped and addi t ionalwater and salt added as necessary the next day. No water or salt should be added within aday of using the mixture since some time is needed to saturate the salt solution and f orm ahydrate when a d d i n g anhydrous potas s ium carbonate. However, s u f f i c i e n t salt shal l have_been added previous ly to assure that s u f f i c i e n t undissolved potassium carbonate d ihydra t e 'has prec ip i ta t ed in the container to form a closely spaced layer of the material on the bottomof the sha l l ow pans that will be covered with a thin layer of the solution (next paragraph).
Open the top of the humid i ty control chamber and remove the two pans. Fill each pan withthe saturated salt s o lu t ion being sure that a small quantity of excess ( u n d i s s o l v e d ) salt is alsotransferred to each pan. Replace the pans and seal the top of the p la s t i c enclosure; airshoul t i enter the enclosure pr imar i ly f r o m the f r o n t opening.

9.3.3 Priming the Scrubber
Fill the round bottom f l a s k of the scrubber to about one third full with asbestos-free (i.e.f i l t e r e d , distilled) water. Initiate the f l o w of ice water through the entrance and exitcondensers. Adjust the variable voltage transformer on the heating mantle so that water inthe round bottom f l a s k boils and the rate at which condensate drops back into the f l a s k f r o mthe condensers is a p p r o x i m a t e l y equal to one drop per second.

9.3.4 A d j u s t i n g Initial Air F l o w
The air f l o w within the various components of the dust generator must be a d j u s t e d so thatf l o w within the vertical elutriator will p r o p e r l y separate and pass orrty respirable part i c l e s .Based on the discussion presented in A p p e n d i x A (Section A.2.3), the proper linear f l o w ratein the elutriator shall be set at 0.31 cm/s, which is 5% greater than the Stokes ' veloci tyestimated for the largest spherical, respirable particles (i.e. those with a radius of 5

20 Filters to be used to collect samples over the bokinetic sampl ing tub* of the elutriator (see Section 9.4.5) muct beweighed to • minimum precision of 10.00002 g.
21 N o t e that potassium carbonate dihydrate i* not the usual f o rm of potas*!um carbonate eold commercially. The usualcommercial forms are the anhydrous and the sesquihydrate. The dihydrate can be made by allowing either of the com-mercial varieties of the salt to stand In their saturated solution for some extended period of time with some temperaturecycl ing (Berman a n d . K o l k 1994). A week appears to be s u f f i c i e n t but the process can be accelerated by augment ingthe temperature cycling.
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Next, calculate the required volumetric air f l o w , Vv, within the elutriator using Equation 9-1:

V =81 .1*V, (9-1)
where:V, is the estimated linear f l o w rate required to separate respirablepartic le s (i.e. 0.31 cm/s); and

V v is the corre sponding volumetric f l o w rate (cm 3/s) through theelutriator.

The c o e f f i c i en t , 81.1, in Equation 9-1 corresponds to the cross-sectional area of the elutriator(incm 2).
To a d j u s t the initial f l o w valve s e t t ings on the pumps , f ir s t connect one of the f l owme t e r s suchthat air f l o w s d irec t ly f r o m the exit opening at the top of the elutriator that is nof articulatedwith the isokinetic sampl ing tube22. This is the exit that opens directly into the top, taperingportion of the. elutriator (see A p p e n d i x A) and is labeled the "ME" opening in F i g u r e A-1. Afilter cassette containing a filter f r o m the batch of f i l t e r s to be used for the run shal l be p lacedbetween the f l o w m e t e r and the p u m p when a d j u s t i n g the f l o w valve on this pump.

N O T E
The easiest way to d i r e c t l y connect a f l o w line to one of the top open ing s of theelutriator (the ME or the 1ST o p e n i n g ) is to a l ign the a p p r o p r i a t e s l id e mechanism sothat a filter mount is d ir e c t ly over the opening, mount a cassette without a filter into themount, and connect the air f l o w line to the exit side of the f i l t e r i e s s cassette (seeSection A.1.6 of A p p e n d i x A). During calibration, such a line would then f e e ds equent ia l ly into a f l o w m e t e r , a f i l t er-containing cassette, and a pump.

Connect a second f l owmet er direct ly to the exit line of the scrubber (the entrance line ofwhich should already be attached to the two side exit openings on the elutriator) and place afilter cassette containing a filter f r o m the batch of f i l t e r s to be used for the run between thisf l owmet er and the p u m p for the scrubber. •
Adjust the f l o w control valves on both the scrubber pump and the pump to be connected tothe ME opening of the elutriator so that f l o w in both lines are equal and that each f l o w is setat 0.48%

Connect a third f lowmeter to the exit opening on the top of the elutriator that articulates withthe isokinetic sampl ing tube. Thi s is labeled the "1ST opening in Figure A-1.

To access thl* opening, tt wilt be necessary to dismount any f i l l e r cassette* from the appropriate slide mechanism andto align one of the two openings in the appropr ia t e el ide mechanism over the desired opening in the elutriator (seeA p p e n d i x A).
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The f l o w m e t e r attached to the 1ST o p e n i n g s h a l l also be backed by a filter casset te con ta in inga filter f r o m the batch to be used d u r i n g the run and a d j u s t the f l o w in th i s l ine so that it isequal to 0 . 0 4 7 ' V y 2 3 . Due to the low f l o w required on th i s l ine , an aux i l iary low f l o w valve isalso attached to thi s p u m p and must be a d j u s t e d to achieve the desired f l ow . To o p t i m i z econdi t ions , it may be necessary to a d j u s t the f l o w control valves on the three air l ines that exitth e e lutriator ' r t e ra t iv e ly .
To prepare for a run using the dust generator, disconnect the f l owme t e r s from the s l i d emechanisms over the top openings of the e lu tr ia tor (i.e. the ME and 1ST open ing s) and mountf i l t e r s in each of the f o u r cassette ho lder s on the two s l i d e mechanisms that cover the twoelutriator openings. Connect one of the air f l o w l ines coming off of the T from each p u m p toeach of the two f i l t e r s on the same s l i d e mechanism for the a p p r o p r i a t e op en ing of theelutriator (i.e. the opening for which the pump had been calibrated). Then adjus t each s l ideso that one filter cassette is a l igned d i r e c t l y over each e lutr iator opening. Be sure that thevalves on each T' are c o n f i g u r e d so that f l o w is directed f r o m the filter cassette that isa l igned d ir e c t ly over the e l u t r ia t or o p e n i n g (see S e c t i o n A.1.6 of A p p e n d i x A).

N O T E
The connections between the exit s ide of the filter cassettes mounted on the s l i d emechanisms and the f l o w control valves on the p u m p s should now be d irec t; thereshould be no second filter cassette in the line.

The f l owme t e r attached to the exit l ine of the scrubber may remain attached during a run tomonitor air f l o w through the scrubber. If there is a desire also to monitor a i r f l o w through oneor both of the filter cassettes mounted over the top openings of the e lutriator dur ing a run,f l owmet er s may now be attached to the downstream side of the filter cassettes (i.e. betweenthe filter cassettes and the pumps). Due to the pressure drop across the f i l t e r s , however, thereadings f r om these f l o w m e t e r s must be ad ju s t ed using the f o l l o w i n g equation to provideestimates of the true f l o w through each elutriator opening:

0-2)

where:F t i s the true f l o w rate through the elutriator opening (cm/s);
. .** .

R, is the f l o w reading from the f l o w m e t e r (cm/s);
P f is the pressure at the f l o w m e t e r (torr);

T f i s the absolute t emperature a t the f l owme t e r (°K);

83 The c o e f f i c i e n t 0.047. used to estimate the volumetric f l o w rate for tlr passing through the isokinetic sampl er represents
the frac t ion of the cross-sectional area of the etutriator that h subtended by the isokinetic sampl ing tube and thereforerepresents the f r a c t i o n of the total f l o w that should pass through the tube, assuming that f l o w in the elutriator has beenproper ly set ' •
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P t is the pressure at-the e lu tr iator op en ing (torr); and
T t i s the absolute temperature at the elutriator opening (°K).

To use this equation, P( and P, will have to have been measured during f l o w calibration, priorto a run, using mercury manometers or other a p p r o p r i a t e pressure measuring devices.G e n e r a l l y , T t and T f can be considered equal and will d r o p out of the equation. However,Equation 9-2 can also be used to adjust f l o w readings between calibrations and runs that areconducted on d i f f e r e n t days, such that temperatures may vary between the time during whichthe calibration was conducted and the time that the run is performed. 2 4

9.4 DUST GENERATOR OPERATION
To prepare asbestos samples using the dust generator, load the tumbler, condition the bulksample , begin the run, monitor the rate of dust generation, and collect appropr ia t e ly loadedfilters for asbestos analys t s . Asbe s to s is also co l l e c t ed in the scrubber. Prior to use, be surethat the dust generator is clean (see Sec t ion 9.5).

9.4.1 L o a d i n g the T u m b l e r
Detach the tumbler from its drive motor and the vertical elutriator and remove it from thep l a s t i c enclosure at the bottom of the dust generator (see A p p e n d i x A). Place the tumbler ona fiat sur face and open the top for l oad ing . Be sure that the tumbler is clean prior to l o a d i n g .
Introduce a sample 2 5 by h o l d i n g the s a m p l e container against the inner lip of the tumblerand t i l t i n g the container so that the sampl e pours smooth ly into the tumbler. Move thesample container back and f o r t h along the l eng th of the tumbler to facilitate' uniformdepos i t i on of the sample in the tumbler. When pouring is complete, tap the sample containervigorously so that the quantitative t rans f er is complete. The masses of sample s introducedinto the tumbler shall range between 50 and 80 g. Larger samples shall be homogenized ands p l i t prior to l o a d i n g as described in Sect ion 9.2.
Shake the tumbler gent ly to assure uniform depos i t ion of the sample within the tumbler, whichshould be no more than about one third full. Be sure that the rubber gasket on the tumbler isin good repair and p r o p e r l y seated. Replace the gasket if it is worn. Secure the top of thetumbler with 10 screws and replace the tumbler within the p la s t i c enclosure at the bottom ofthe dust generator. Reattach the elutriator entrance tube and D.C. motor to the tumbler (seeA p p e n d i x A).

24 Because the viscosity of air is somewhat temperature dependent when runs are to be conducted at temperatures thatdiffer by more than a few degrees from room temperature (nominally 20° C), Equation A.10 fjn A p p e n d i x A) may haveto be a d j u s t e d to account for the varying viscosity (see Equation A.9) so that the correct f l o w regime can be es tabli shedat the new temperature to assure that the elutriator of the dust generator passes only respirable particle*.
99 S a m p l e s to be introduced into the tumbler shall have been dried per Section 9.1.
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9.4.2 C o n d i t i o n i n g the S a m p l e
Before condi t i oning the s a m p l e , be sure that the dust generator has been p r o p e r l y set up.T h i s means, check that:

• the pans in the constant h u m i d i t y chamber have been filled with saturateds o l u t i o n ;
• filters have been mounted on each of the f our cassette mounts on the s l i d emechanisms atop the elutriator; .
• water is b o i l ing in the scrubber;
• the air f l o w valves have been proper ly set; and
• all air l ines between the dust generator, f l o w valves, and p u m p s are p r o p e r l yc o n f i g u r e d (see Sec t i on A.1.6 of A p p e n d i x A). ,

To condi t ion the sampl e , turn on all p u m p s and begin the f l o w of air through the dustgenerator. DO NOT TURN ON THE TUMBLER MOTOR. A l l o w the f l o w of air to continue fora minimum of two hours be fore beginning a run. If the sample was oven dried rather thanequi l ibrated with an a p p r o p r i a t e salt in a desiccator (Sec t i on 9.1), the s a m p l e should becondi t ioned for a minimum of f o u r hours prior to in i t i a t ing a run.
9.4.3 I n i t i a t i n g a Run

Once the sample has been condi t i oned , set the tumbler drive motor to 30 rpm and turn it on.S i m u l t a n e o u s l y , move the two s l i d e mechanisms at the top of the e lutriator so that new, cleanfilters are now a l i g n e d over both the ME and 1ST openings of the etutriator. Be sure tochange the valve orientations on the lines l e a d i n g to the f i l t e r s so that air f l o w is direc tedthrough the filter cassettes that are newly a l igned with the elutriator openings.
t

Replace the f i l t e r s o r ig ina l ly a l igned over the e lutr iator openings (but no longer a l i g n e d ) withclean f i l t e r s and weigh and store the old f i l t e r s in l a b e l l e d Petri dishes. The s e f i l t e r s areequipment blanks. After f ive , minutes,26 move the s l i d i n g mechanism again to bring new,clean f i l t e r s over the ME and 1ST openings of the elutriator. I m m e d i a t e l y a f t e r the f i l t e r s arebrought out of a l ignment , dismount the cassette and turn the p o t e n t i a l l y dus t- laden side ofthe fitter face up be fore hat t ing the f l o w of air through the f i t t e r (by turning the a p p r o p r i a t evalves). Once f l o w f rom the dismounted cassettes has been hatted (corre spondingly , f l o w willhave been re-directed to the cassettes that are currently aligned over the elutriator o p e n i n g s ) ,replace the dismounted f i l t e r s with clean f i l t e r s and weigh and store the dismounted f i l t e r s inl a b e l l e d Petri dishes. These f i l t e r s are run blanks.
As the run proceeds, record the times that air f l o w was started and s t opped for each filter, theini t ial and f i n a l weights of each filter, and the i d e n t i f i e r of each filter in a log book.

26 T h i s interval is s e lec ted because, in the absence of channeling, f ive minute* J» just lesa than the time over which thefa s t e s t par t i c l e s are expected to reach the f i l t e r .
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9.4.4 Moni tor ing the Rate of Respirab l e Dust Generation
The rate of respirable dust generation is monitored during a run by recording the weights of aset of f i l t e r s that are s equent ial ly changed out of the filter mounts over the ME opening of thee l u t r i a t o r at d e f i n e d , regular intervals.
Initially, change the filter that is a l igned over the ME opening of the elutriator at intervals off ive to eight minutes. The change is accomplished by moving the s l ide mechanism to switcha new filter into alignment at the same time that the old filter Is switched out of alignment.I m m e d i a t e l y a f t e r the filter is brought out of alignment, dismount the cassette and turn thedust-laden side of the filter f a c e up. be fore ha l t ing the f l o w of air through this filter (i.e. byturning the a p p r o p r i a t e valves to re-direct air f l o w to the filter that is newly aligned over theME opening). Exchange the old filter for a new filter.

N O T E
Because the time during which air f l o w is directed through a dismounted cassette(rather than the filter that is aligned over the elutriator opening) results in a disturbancein the otherwise smooth f l o w of air through the elutriator, the changing of f i t t e r s shallbe p e r f o r m e d exped'rtiously. As long as this interval is not more than a few seconds,however, s tudie s indicat e that this e f f e c t is not s i g n i f i c a n t (Berman and Kolk 1994).

A l o n g with the proper i d e n t i f i e r , record the times during which air f l o w is started and halted foreach filter. Weigh each filter a f t e r dismounting. Record the initial and f ina l weights of the fitterand the net weight of dust d epo s i t ed on the filter (i.e. the d i f f e r e n c e between the initial andf i n a l weight).
After exchange of the f ir s t two or three f i l t e r s , the interval over which dust is collected on eachfilter may be optimized. The ideal weight of dust to be deposited on each filter is between0.01 and 0.03 g (Berman and Kolk 1994). Based on the rate of dust depos i t ion on the f i r s ttwo or three f i l t e r s , estimate the interval of time required to depos i t approx imat e ly 0.02 g andexchange later f i l t e r s at this rate (see Sect ion A.2.2 of A p p e n d i x A, Equation A-8)27.However, it is important that time be ad ju s t ed so that no more than 0.03 g be depo s i t ed oneach fitter because the pos s ib i l i ty that a portion of the deposit accidently drops from the f inerincreases as the weight of the deposit on the filter increases.

N O T E
Until there is a need for generating f i l t e r s for asbestos analysis (see Section 9.4.5), thef i l t e r s that get al igned over the 1ST opening of the elutriator need to be changed onlyone fifth to one tenth as o f t e n as the f i l t e r s over the ME opening of the elutriator.These filters shall be changed at this lower rate, however, to prevent the potent ial for aheavy deposit to drop off of the filter and fall back into the elutriator.

27 At the beginning of • nin the rate of dust depos i t ion on the f i l t e r s has been observed to be nearly constant with time.
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Continue the run at 30 rpm (with cont inuing exchange of filters) for a p p r o x i m a t e l y two hours;this time interval has g e n e r a l l y been observed as s u f f i c i e n t to d e f i n e the rate of r e s p i r a b l epar t i c l e release at this rotation rate (Berman et al 1994a). Genera l ly , the p lo t of the release ofr e s p i r a b l e dust versus time at 30 rpm shows almost no curvature (see Sec t i on 11.2).
•

After c o m p l e t i n g the run at .30 rpm, select a new, higher rotation rate to continue the run.G e n e r a l l y , the new rotation rate s e l ec ted shal l be 60 rpm, unless the rate of release at 30 rpmwas not iceably low in comparison with prior runs on other sample s , in which case 90 or120 rpm shall be used.

N O T E
Use of the highest rotation rates should g e n e r a l l y be avoided, unless there isc o m p e l l i n g evidence for their e f f i c a c y , because they tend to f a c i l i t a t e the transport ofnon-re sp irab l e p a r t i c l e s f r o m the tumbler into the bottom of the e lutriator and, if such .transport is heavy, this may a f f e c t results (see Sect ion A.1.3 of A p p e n d i x A).

Cont inue the run at the h igher rate of rotation by c o l l e c t i n g a minimum of eight a d d i t i o n a ld u s t - l a d e n f i l t e r s . The same procedures ou t l ined above should be continued for c o l l e c t i n gdata dur ing the run at this higher rotation rate except that the interval between the exchangeof filters must be a d j u s t e d downward to assure that d e p o s i t s on these la t t er f i l t e r s do notexceed 0.03 g (see Sect ion A.2.2 of A p p e n d i x A, Equation A-8, but note that the ratecons tant, k, is d e p e n d e n t on the rotation rate for the tumbler so that Equation A-8 cannot beextrapolated across runs).
When the run is c o m p l e t e , turn off the t umb l e r motor but al low the air f l o w to continue for tenor fifteen addi t i onal minutes to empty the elutriator. Be sure to continue the exchange offilters, if necessary to prevent overloading. The air f l o w p u m p s may now be shut o f f .

9.4.5 Genera t ing A p p r o p r i a t e l y Loaded F i l t e r s f or Asbe s to s Analys i s
The pr imary p u r p o s e for co l l e c t ing dust on f i l t e r s mounted over the exit of the isokinetics a m p l i n g tube of the e lutriator (the opening labe l ed "1ST" in F i g u r e A - 1 ) is to obtain sampl e ssuitable for asbestos analysis using a direct t ran s f e r technique, a l t h o u g h ' u s e of an indirectt ran s f e r technique is not pr e c lud ed . T h i s is an option built into the des ign of the dustgenerator as an alternative to preparation of a specimen for asbestos analysis using the liquid'f r om the scrubber, which necessarily mimics an indirect t r a n s f e r technique because (in thescrubber) the asbestos is captured and suspended in water.
Col l e c t f i t t e r s for asbestos analysis near the end of each of the two runs (i.e. one run at eachof two rotational speeds for the tumbler) that is described in the previous section of thischapter. Fitters to be used for asbestos analysis shall be collected at the end of the runsboth because this will be the period when the rate of asbestos emission is the lowest andbecause s u f f i c i e n t time will have e lapsed over each run to allow a steady-state di s tr ibut ion ofpart i c l e sizes to have developed in the dust traversing the elutriator. At the beginning of arun, only the smal le s t (fastest) respirable par t i c l e s reach the f i t t e r s and it takes time for thelarger (s lower) respirable part i c l e s in the air stream to begin reaching the f i t t e r s in numbersthat are proportional to their rate of emission from the tumbler. H takes several tens ofminutes for transport of a steady state d i s t r i bu t i on to develop.
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Col l e c t m u l t i p l e filters during each run that bracket the estimated time during which anopt imal l o a d i n g for analysi s of a d i r e c t l y prepared specimen is expected to be achieved.Mount, exchange, di smount , weigh, record, and store f i l t e r s prec i s e ly in the manner describedin Sect ion 9.4.4.
Estimate the time required for achieving an optimum loading as f o l l ows . The optimal massl o a d i n g on a filter to be p r e p a r e d by a direct t r a n s f e r technique lies between 1 and 10 jig(see, for example, Berman and C h a t f i e l d 1990). Assume a target'of 5 pg. However, this mayhave to be a d j u s t e d based on experience with the dust generator. Equation A-7 ( A p p e n d i x A)can then be re-arranged to estimate the time required to collect 5 pg (or some other de f inedmass) of dust: ,

At = A M f / 0 . 0 4 7 * k * M s (9-3)
where:Ms is the mass of respirable dust remaining in the sample at time T a f t e r. . the b e g i n n i n g of the run, but it is assumed constant over the shortinterval of time "At" (g);

AM,is the mass of re sp irable dust collected on a filter over the 1ST openingd u r i n g the short time interval "At" (as indicated above, assume a target of5 jig or 5 x l O ^ g ) ; . •
At is a short time interval (no more than several minutes) dur ing which therelease of dust is being estimated (s); and
k is the f ir s t-order rate constant for the release that is derived f r om thedust measurements co l l e c t ed dur ing the run (s*1).

The mass of respirable dust remaining in the sample during the time interval of interest (Kg) isestimated using a rearrangement to Equation A-2 ( A p p e n d i x A):

M s = M 0 *exp(-k t) (9-4)

where:Ms is the mass of r e sp irab l e dust remaining in the sample at time T (g);
M0 is the mass of re spirable dust in the sample at the start of the run (i.e. attime t = 0) (g).
t is the time f r o m the start of the run to the beginning of the time interval"At" (s); and
k is the f ir s t-order rate constant for the release (s"1).
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Based on the recent ly c ompl e t ed p i l o t s t udy for this method (Berman et al. 1994a), a t y p i c a lrate constant for dust emission f r o m the t u m b l e r is 0.004 min*1 (6.7 x 10 s*). Resu l t s f r o mthis s tudy also suggest that the range in r e sp i rab l e dust content l i k e l y to be encountered forsample s t y p i c a l l y run using the dust generator may vary between 0.5% and 2%. T h e r e f o r e ,given a typical sampl e mass of 70 g, M0 for the 30 rpm run l i k e l y ranges betweena p p r o x i m a t e l y 0.17 and 0.68 g. Given that a typical 30 rpm run lasts for a p p r o x i m a t e l y3 hours (1.1 x 104 s) and sub s t i t u t ing these values for M0, k, and t into Equation 9-4, andthen sub s t i tu t ing the subsequent es t imate of M s into Equation 9-3, it appear s that between2.3 and 9 seconds would be required at the end of the 30 rpm run to collect 5 \ig of materialon a filter loaded over the isokinetic sampler.
S i m i l a r l y , assuming that the initial mass of respirable dust in a sample at the beginning of a60 rpm run, Mo40, is equal to the remaining mass at the end of the 30 rpm run (i.e. the "Ms"calculated above), remembering that a 60 rpm run t y p i c a l l y lasts 2 hours (7.2 x 103 s), andonce again noting the typical value for k indicated above, Equation 9-4 is used to estimate ana p p r o p r i a t e Ms for the end of a 60 rpm run. S u b s t i t u t i n g this new value into Equation 9-3, itappear s that between 4 and 15 seconds may be required to co l l ec t 5 jig of material on a filterthat is loaded over the isokinetic sampl er at the end of a 60 rpm run.
Given the above, to p r o p e r l y bracket the op t imal l o a d i n g for a filter to be e m p l o y e d forasbestos analysi s using a (direct t r a n s f e r technique), collect f i l t e r s over the 1ST opening of thee lu tr ia tor that are e xpo s ed for p er i od s of 3, 10, and 20 seconds (at both the end of the30 rpm run and the end of the 60 rpm run). -.

9.4.6 Obtaining Asbestos S a m p l e s f r o m the Scrubber
At the end of all runs for a part icular sample (after all pumps have been shut off), turn off theheating mantle to the sc-ubber and let it cool for 10 to 15 minutes be fore d i s c on t inu ing thef l o w of ice water to the condensers. Disconnect the outlet l ines f r o m the e lutriator to thescrubber at the elutriator. S a m p l e s shall be extracted from the scrubber expeditiousty tominimize losses to the wal l s of the glassware and to f a c i l i t a t e cleaning.
To minimize loss, before disconnecting the transfer lines and condensers from the round-bottom f l a s k of the scrubber, pour a p p r o x i m a t e l y 100 ml of asbes to s-free (filtered, distilled)water down the exit condenser and another 100 ml down the t ran s f e r lines and entrancecondenser. Such rinsing should be performed in mul t ip l e stages, approx imate ly 20 ml at atime. Swirl each condenser (and the t r a n s f e r l i n e s ) as the water drains into the f l a s k . T a p -each condenser (and the t ran s f e r l ine s) several times a f t e r rinsing to assure a reasonablyquantitative transfer.
Detach and remove the round-bottom f l a s k f r om the condensers and its stand and pour thecontents of the f l a s k into a clean, pre-weighed, wide-mouthed 1 L plas t i c container. Rinsethe round bottom f l a s k several times with addi t ional asbestos-free water to assure aquantitative t rans f er of any residual sol ids . Reweigh the container and record the net weightas the total weight of suspension. If necessary, the sample may then be stored at icetemperature until it can be prepared. However, prepara t i on shall not be delayed for morethan 48 hours.
I m m e d i a t e l y prior to filter prepara t i on , add 1.5 g/L of sodium hexametapho sphat e to thesuspension in the p la s t i c container. Shake the suspension vigorously and divide it
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a p p r o x i m a t e l y evenly into two (or, if necessary, three) 500 ml Erlenmeyer f l a s k s . Place thef l a s k s on a laboratory shake table for approx ima t e ly three hours. Quickly re-combine thecontents of the two. (or three) f l a s k s into a clean, p l a s t i c container (with minimal f l u s h i n g ) andplace the container in a sonicator. Sonicate the suspension for approx imat e ly 1 minute (withthe power of the sonicator set at no more than 0.1 W/ml). Withdraw one ml with a d i s p o s a b l ep i p e t t e f r o m the center of the volume of the suspension in the p l a s t i c container and d i l u t e thi swith asbestos-free water to 100 ml in a clean, volumetric f la sk .
The mass of re spirable dust col lec ted in the scrubber should be equal to the sum of thecumulative mass of dust measured on the filters collected above the ME opening of thee lutriator over the entire run(s) during which the scrubber suspension was collected. Use thisestimated mass (and account for the 100-fold d i l u t i o n per formed as described in the lastp a r a g r a p h ) to estimate the size of aliquots required to produce f i l t e r a b l e suspensionscontaining: 0.5, 2, and 5 jig of respirable material. Dilute each aliquot to a minimum totalvolume of 20 ml and filter each aliquot in the manner described In Sections 10.34 and 10.35of the ISO Method for the determination of asbestos in air using an indirect t rans f er technique( C h a t f i e l d 1 9 9 3 ) 2 8 .
The f i l t e r e d al iquots sha l l all be p r epar ed as described in Sect ion 10.1 and scanned b r i e f l y atlow m a g n i f i c a t i o n in the TEM to select the o p t i m a l l y loaded specimen for de ta i l ed analysis(see Section 11.1.2).
9 . 5 C L E A N I N G T H E D U S T G E N E R A T O R
The dust generator is designed for quick and easy assembly and disassembly to fa c i l i ta t ecleaning. Most of the j o i n t s are s i m p l e f r i c t i o n c o u p l i n g s or ring c lamp coupl ings . To cleanthe dust generator, disconnect and disassemble the tumbler, remove the bottom cup anddust co l l ec tor system from the e lutriator, d e c o u p l e the two halves of the elutriator tube,disassemble the s l ide mechanisms of the dust collector and disconnect the transfer lines tothe scrubber. The metal pieces of the dust generator may then be washed withbiodegradable detergent, rinsed with asbestos-free water, sonicated br i e f ly , and rinsed again.The pieces may then be left to dry in room air or may be dried with a f o r c e d , HEPA-filtered airstream.
The glassware of the scrubber shall also be washed with biodegradable detergent andasbestos-free water, rinsed l i b e ra l ly , arid dried in room air or dried with a f o r c ed , HEPA-filteredair stream. It is recommend that new transfer lines between the elutriator and the scrubber-(constructed of 1.00 in. i.d. T y g o n tub ing) be cut and ins ta l l ed a f t e r each cleaning.

.A* indicated in C h a t f i e l d (1993). f i l t er* to be employed for f i l t e r i n g *erubb«r *u*pen*lon* «r* of • d i f f e r e n t t y p e thanthose employed in du*t generator mounts. Filter* u»ed to fitter »eoibber «u*penikm are to b« the 0.22 pm pore *izevariety
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10.0 P R E P A R A T I O N O F S P E C I M E N G R I D S F O R T E M A N A L Y S I S

For S u p e r f u n d a p p l i c a t i o n s of this method, asbestos analysis of all sample s prepared usingthe dust generator are to be p e r f o r m e d on specimen gr id s prepared from aliquots of thescrubber suspens ion. In a d d i t i o n , for a minimum of a subset of 5% ( p r e f e r a b l y 10%) or 10. samples (whichever is grea t er), asbestos analysis is also to be p er formed on specimen g r i d sprepared by a direct t ran s f e r technique f r o m f i l t e r s c o l l e c t ed over the 1ST .opening of theelutriator (i.e. the opening over the isokinetic s a m p l i n g tube). These analyses are then pairedwith the analyses of asbestos f r om scrubber suspension collected during the same runs toprovide a l ink between sample s prepared by each technique.
The primary reason for prepar ing 100% of samples from the scrubber suspension is tof a c i l i t a t e i d e n t i f i c a t i o n of di s t inct ions in sample characteristics; samples prepared in thi smanner are expected to exhibit the best precision among the options for this method. At thesame time, when comparing result s to pub l i s h ed s l op e fac tors , the apparent need fornormalizing asbestos analyses to counts derived from direc t ly prepared specimens (see, fore x a m p l e , Berman and C r u m p 1989) is s a t i s f i e d by p r o v i d i n g a subset of sample s prepared"both ways to allow a regression to be performed l inking results from the scrubber suspensions a m p l e s to specimens prepared by a direct technique. As indicated previously ( S e c t i o n2.1.3). the recommended procedure is based on a compromise allowing optimum precisionfor d i s t i n g u i s h i n g among relative measurements (and relative risks) while, except ing a smallreduction in the precision of estimates of absolute risk.29

10.1 PREPARATION OF SPECIMEN GRIDS FROM FILTERED. A U Q U O T S OF THE
S C R U B B E R S U S P E N S I O N

Filters generated f r o m al iquot s of the scrubber su spens ion (as described in Sect ion 9.4.6)shal l be p r e p a r e d using the direct t r a n s f e r technique that is described in Sections 10.5 of theISO Method (Chat f i e ld 1993). As indicated previous ly, m u l t i p l e aliquots repre s ent ing asequence of d i l u t i o n s are to be prepared to al low se lect ion of the o p t i m a l l y loaded f i l t e r s (andcorre sponding se t o f specimen g r i d s ) for f inal , d e t a i l e d analysis.
F r o m each filter, pr epare a minimum of three specimen grids: one f r om near the center of thefilter, one f r om a location that is half the distance between the center and the outer edge, andone f r om near the outer edge of the f i l t e r .
10.2 S P E C I M E N G R I D P R E P A R A T I O N F R O M F I L T E R S C O L L E C T E D OVER T H E 1 S TO P E N I N G O F T H E E L U T R I A T O R
A l t h o u g h this method s p e c i f i e s .that filters col lec ted over the 1ST opening of the e lutriator shal lbe prepared using a direct preparation technique, an indirect preparation technique is alsodescribed, as an opt ion for n o n - S u p e r f u n d appl icat ions .

For other a p p l i c a t i o n s of thit method, option* might I n c l u d e preparat ion of 100% of samples from f i t t e r * collected overthe 1ST opening of the elutriator and/or preparat ion of f i l t e r* c o l l e c t ed over thl* opening uclng an indirect t rans f ertechnique. The method i* designed to be f l ex ib l e .
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16.2.1 Spec imen Grid Preparation Using a Direct T r a n s f e r Technique
Filters co l l e c t ed over, the 1ST open ing of the e lu tr ia tor (as described in Sec t i on 9.4.5) shal l beprepared using the direct t rans f er technique that is described in Section 10.5 of the ISOMethod (Chatfield 1993). As indicated previous ly, sections of m u l t i p l e f i l t e r s r epre s ent ing arange of loadings are to be prepared to allow selection of the o p t i m a l l y loaded specimengrids f o r f i n a l , d e ta i l ed analysis.
F r o m each filter that has been col lec ted over the 1ST opening, prepare f our specimen gridsf r o m locations on the filter that are each separated by 90° radially. Select two of thelocations (from oppo s ing sides of the filter) at points that are about two thirds of the distancef r o m the center to the edge of the filter. The remaining two locations shall be selected atpoints that are about one third of the distance from the center to the edge of the filter. Suchan arrangement will e l iminate any e f f e c t s p o t e n t i a l l y associated with a linear gradient acrossthe filter that may dev e l op due to the brief time over which the f i t t e r s are exposed to air f l o wfrom the elutriator and, consequently, the po t en t ia l ly significant time during which the filter isbeing s l id in and out of alignment
10.3 S p e c i m e n Grid Preparat ion Using an* I n d i r e c t T r a n s f e r Technique
As an option to the procedure described in Section 10.2.1 above (for n o n - S u p e r f u n da p p l i c a t i o n s only), filters col lec ted over the 1ST opening of the elutriator (as described inSection 9.4.5) may also be prepared using the indirect transfer technique that is described inSect ions 10.3 to 10.5 of the ISO Method (Chatfield 1993). For this opt ion, m u l t i p l e sections ofthe most h i g h l y loaded filter obtained from the dust generator shall be prepared using arange of d i l u t i o n s to allow selection of the o p t i m a l l y loaded specimen grids for f i n a l , d e ta i l edanalysi s .
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11.0 P R O C E D U R E S F O R A S B E S T O S A N D D U S T A N A L Y S I S

11.1 P R O C E D U R E S F O R A S B E S T O S A N A L Y S I S
S p e c i m e n gr id s pr epared as described in C h a p t e r 10 are to be analyzed using transmissionelec tron microscopy (TEM). F o l l o w th e procedures f or analysis described In th e ISO Method( C h a t f i e l d 1993) i n c l u d i n g procedures f o r :

• examining specimen grids to determine a c c e p t a b i l i t y for analysis;
• structure counting by TEM (except de termination of the s t o p p i n g point);
• structure morpho l og i ca l c l a s s i f i c a t i o n ;
• structure mineralogical i d e n t i f i c a t i o n ; and
• b lank and q u a l i t y control determinations.

The s t o p p i n g p o i n t s for the analyses conducted in s u p p o r t of this method are a f u n c t i o n ofthe required s ens i t iv i ty for the method and are d e f i n e d in Sec t ions 11.1.1 and 11.1.2 below.
Begin by examining one of each set of spec imen g r i d s derived for a d e f i n e d l o a d i n g f r o m apar t i cu lar run of the dust generator and select the o p t i m a l l y loaded set for analysis. Use thecriteria for d e t e r m i n i n g the a c c e p t a b i l i t y o f specimen gr id s ( f r o m the ISO M e t h o d ) to d e f i n eop t imal l o a d i n g .
When p e r f o r m i n g d e t a i l e d analysi s , be sure to d i s t r i bu t e asbestos counts evenly over theentire set of specimen g r i d s prepared f r o m a par t i cu lar filter at a d e f i n e d ( o p t i m a l ) l oad ing .Record the m o r p h o l o g y and mineral type of asbestos structures as described in the ISOMethod (Chatfield 1993). A l s o as described in the ISO M e t h o d , comple t e s eparate scans forcounts of total structures and, at lower magni f i ca t i on , for counts of structures longer than5 |irn.

11.1.1 A n a l y s i s of Spe c imen Grids Prepared f r om F i l t e r s Co l l e c t ed Over the 1STOpening of the Elutriaior
Prior to initiating a detailed analysis of specimen gr id s , the s t o p p i n g rules for the analysismust be d e f i n e d . Assuming these specimen grid s have been prepared using a direct t ran s f e rtechnique (as discussed in Sect ion 10.2), d e f i n e the s t o p p i n g rules for the detai led analysisas f o l l ow s . .
First, calculate the maximum number of grid open ing s that will have to be scanned during theanalysis from the re lat ionship:
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where:Ngo is the maximum number of grid openings to be scanned;
Sd is the number of structures required to d e f i n e detection using theanalysts (de f in ed here as 1);
A, is the total area of the filter f r o m which the specimen grids wereprepared (mm2);
%RD is the mass percent of respirable dust in the sample and is d e f i n e dusing Equation 11-9;
S s m p| is the required analytical sensitivity for the method (s/g);
Ago Is the area of a single grid opening (mm2); and
AM, is the mass of re sp irable dust co l l e c t ed on the filter f r o m which the. . specimen gr id s were prepared . It is d e f i n e d using Equation A-7 ofSect ion A.2.2 of A p p e n d i x A (g).

The f o l l o w i n g are typ i ca l values for the above parameters:
sd " -1: 7S s m p l *= 5 x 10 (for total s tructures) or= 3 x 106 (for structures longer than 5 jxm) 3 0;A, = 382 mm2:• = 8.1 x lO^mm 2 ;D = between 0.5% and 2%31; and= 5 l i g 3 2 ; ' '

Given the above values, it is estimated using Equation 11-1 that between 1 and 4 gridopenings will t y p i c a l l y need to be scanned to derive a count of total structures. However, aminimum of 4 grid openings shall be scanned during any analysis. Based on the above,s imi lar ly , between 1 5 and 62 grid openings will t y p i c a l l y need to be scanned to derive a countof structures longer than 5 pm.
The number of grid openings to be scanned for sp e c i f i c analyses shall be determined bysubst i tut ing case-specific values for the above listed parameters into Equation 11-1.
S t o p the counting, characterization, ident i f i ca t ion, and recording of asbestos structures on aparticular analysis when one of the f o l l o w i n g obtains:

30 See Section 2.1.1.
31 T h i s is the rang* of values observed for a diverse variety of *amplet tested during the pilot study for this method(Berman et al. 19Ma).
32 See Sections 9.4.5 and A££ of A p p e n d i x A.
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• the scan is c o m p l e t e d for the grid op en ing on which the 50th asbestos structureis counted; or
• either* 4 grid op en ing s or the maximum number of grid openings (estimated asd e f i n e d above), whichever is greater, are scanned comple t e ly.

These rules are to be a p p l i e d s eparate ly to the scan for total structures and the scan for longstructures (i.e. longer than 5 jim) that are described in the ISO Method.
11.1.2 Analys i s of Spec imen Grids Prepared f r o m F i l t e r e d Scrubber Suspens ion

Prior to initiating a detailed analysis of specimen grids, the s t o p p i n g rules for the analysismust also be d e f i n e d in this case. Given that these specimen grids have been prepared asdescribed in Section 10.1, d e f i n e the s t opp ing rules for the detailed analysis as f o l lows .
First, calculate the maximum number of grid openings that will have to be scanned during theanalysis f rom the r e la t i on sh ip:

Ngo = V Y%RD*D F /( S smpl*V 1 00*1^,) (11 -2)
where: .N is the maximum number of grid openings to be scanned;

Sd is the number of structures required to d e f i n e detec t ion using theanalysis (de f ined here as 1);
Af is the total area of the filter f rom which the specimen grids wereprepared (mm2);
%RD is the mass percent of re spirable dust in the sample and is d e f i n e dusing Equation 11-9;
ssmpi ' s t n e required analytical sensitivity f o r t h e method ( s / g ) ;
A.Q is the area of a s ingle grid opening (mm2);
DF is the d i lu t i on fa c t or by which the scrubber suspension had to bed i lu t ed to prepare specimen grids that are suitably loaded foranalysis; and

' ; • 'MSCTbf is the mass of respirable dust collected In the scrubber suspensionduring the run.
T

The d i lu t i on fac tor , DF, is s i m p l y the product of the individual d i lu t ion fac tor s for the twosequential di lut ions performed to derive the f inal volume that is ult imately f i l t e r ed (per theprocedure d e f i n e d in Sec t ion 9.4.6): . . .
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' DF « ( V / W O V V ^ 01-3)
where: .V8 is the volume of the initial scrubber suspension (which is estimated f r omthe recorded weight of the supernatant assuming a dens i ty of 1 g/ cm 3 }( m l ) ;

Va 1 is the volume of the first aliquot col lec ted from the scrubber suspensionfor f u r t h e r preparat ion (the d e f a u R d e f i n e d in Sect ion 9.4.6 is 1 ml);
Vd is the volume into which the first aliquot f rom the suspension is d i l u t e d(the d e f a u l t d e f i n e d in Sect ion 9.4.6 is 100 ml); and
Vjg is the volume of the f ina l aliquot col lec ted from V d that is u l t i m a t e l yf i l t e r e d for preparation of the o p t i m a l l y loaded specimen grids (ml).

The mass, of r e sp irab l e dust co l l ec t ed in the scrubber suspension, M s c r b r is derived f rom thecumulative mass of dust co l l ec t ed during the run on fitters that are mounted over the MEopen ing of the e lu t r ia tor ( d e f i n e d below as M(). The s e differ by the ratio of the air f l o w intothe filters and the air f l o w into the scrubber:
Mscrbr = M^W . . ("4
where:M s c r b r is the mass of r e sp irab l e dust co l l e c t ed in the scrubber during ther u n ( g ) ;

Mj is the cumulative mass of dust col lec ted on the f i l t e r s (mounted over theME opening of the e lu tr ia tor) during the same run (calculated f r o mEquation A-4 of Sec t i on A.2.1 of A p p e n d i x A);
F s is the volumetric air f l o w rate into the scrubber (cm 3 / s); and
F c is the volumetric air f l o w rate into the f i l t e r s over the ME open ing of theelutriator (cm3/s).

Assuming air f l o w in the elutriator is s e tup as described in Sect ion 9.3.4, F s and F( are equals o that M s c r br s imply equals M f . . . .
Given the typical values for the corresponding parameters provided in Section 11.1.1,assuming a typical value for OF ^ of between 2 x 104 and 4 x 104, and se lec t ing a range oftypical values for Mj (i.e. between 0.1 and 02 g) from among the range observed during thepi l o t study (Berman et al. 1994a), it is estimated using Equation 11-2 that between 1 and 8grid openings will need to be scanned to derive counts of total structures. S i m i l a r l y , ft isestimated that between 8 and 133 grid openings will need to be scanned to derive counts oflong structures (i.e. longer than 5 j im).

39 T h i s assumes typical value* for M, (between 0.1 and 0.2 g) from among the rang* of values observed among diversesample* during the pilot study (Berman and Kolk 1994) and fur th er assume* that the d i lu t ion fac tor i* selected so a* toproduce a l oad ing of 5 jtg on the f i l t er . :
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Determine the actual number of grid o p e n i n g s required for a s p e c i f i c ana ly s i s by s u b s t i t u t i n gca s e - sp e c i f i c values for the above parameters into Equations 11-2, 11-3, and 11-4.
Stop the counting" charac t er izat ion, i d e n t i f i c a t i o n , and re cord ing of asbestos structures on ap a r t i c u l a r analys i s when one of the f o l l o w i n g obtains:

• the scan is completed for the grid opening on which the 50th asbestos structureis counted; or •
• either 4 grid o p e n i n g s or the maximum number of grid open ings (est imated asd e f i n e d above), whichever is greater, are scanned completely.

T h e s e rules are to be a p p l i e d s eparat e ly to the scan for total structures and the scan for l ongstructures (i.e. l onger than 5 j i m ) that are described in the ISO Method (Chatfield 1993).
11.2 EVALUATING THE RATE OF R E L E A S E OF RESPIRABLE DUST
The rate of release of r e s p i r a b l e dust f r o m a s a m p l e prepared using the dust generator ise s t imated f r o m measurements of the mass of dust c o l l e c t ed over time on the set of filtersmounted over the ME o p e n i n g of the e lutriator. The measurements used s p e c i f i c a l l y are f r o mthose f i l t e r s that are co l l ec t ed while the tumbler is opera t ing at the highest rotation rateemp loyed for the s a m p l e (see S e c t i o n A.2.1 o f A p p e n d i x A).
Begin by p l o t t i n g the cumulative mass c o l l e c t ed on the f i l t e r s as a f u n c t i o n of time. To derivethe cumulative mass for a par t i cu lar time interval, add the mass of dust measured on the filterco l l e c t ed f r om that time interval to the sum of the masses measured on the set of f i l t e r sco l l e c t ed earl ier in the run. T y p i c a l curves are d e p i c t e d in F i g u r e s 11-1 and 11-2. Next,ca l cu la t e the cumulative mass released f r o m the s a m p l e over time f r om the cumulative massco l l e c t ed on filters over time using the r e l a t i o n s h i p d e v e l o p e d in Sec t i on A.2.1 of A p p e n d i x A:

M r = 2.1*M, ( 1 1 - 5 )

where:Mr is the cumulative mass of dust released f r om a sampl e between the start of arun and time T (g); and
ty is the cumulative mass collected on f i l t e r s 3 4 between the start of a run andt i m e T ( g ) .

Equation 11-5 is a p p r o p r i a t e to use to relate the mass of dust col lec ted on f i l t e r s to the massreleased from the sample when air f l o w in the dust generator is se tup as indicated in Sec t i on9.3.4. if different air f l o w conditions are e s tabli shed for a part icular experiment, ther e la t i on sh ip between Mr and M, will have to be derived using Equation A-4 f r om A p p e n d i x A.

34 These are the f i l t e r s that are mounted over the ME opening of the elutriator.
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FIGURE 11-1
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F I G U R E 11-2
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The total mass of dust in the s a m p l e at the b eg inn ing of the run must next be estimated usingthe r e l a t i o n s h i p d e v e l o p e d in A p p e n d i x A. Based on the r e la t i on sh ip (see Sect ion A.2.1):

ln(M0 - M r) = ln(M0) - kt ( 1 1 - 6 )
where:M0 is the mass of dust in the s a m p l e at the start of the run (g);

k is the f i r s t - o rd er rate constant for the release of dust f r om the sampl e (s* 1);and
t is the time since the start of the run (s);

a p l o t of ln(M0 - Mr) versus t should be a straight l ine with a s l o p e equal to the rate constantfor the release of dust from the sampl e and an intercept equal to the natural logarithm of themass of dust in the s a m p l e at the start of the run. Derive estimates of "M0" and "k" byprogramming Equation 11-6 into a spreadsheet and running a regression35.
Input a range of guesses for the value of M0 into the spreadsheet and run a regression to fita value for k and to calculate a value for the regression c o e f f i c i e n t , "r2" for each value of M0.Plot the regression c o e f f i c i e n t , "r2" as a funct ion of M0. An example of such a plot ispresented in F i g u r e 11-3. The value of M0 that provide s the fit with the largest regressionc o e f f i c i e n t (i.e. with r2 closest to 1) shall be reported as the correct value for the mass of dustin the s ampl e at the start of the run and shal l be reported with the c orr e sponding k value asthe es t imated rate constant for dust release f r o m the s a m p l e during the run.
11.3 D E T E R M I N I N G T H E C O N T E N T O F R E S P I R A B L E D U S T
To determine the mass percent of r e sp i rab l e dust in the original s a m p l e , f i r s t determine thetotal mass of respirable dust in the sample at the start of a run for the last run completed onthe s a m p l e , which is derived as described in the last section.
Because the dust generator run analyzed as described in Sec t i on 11.2 will g enera l ly havebeen preceded by a run with the tumbler speed set at 30 rpm (see Section 9.4.4), to estimatethe total mass of dust present in the s a m p l e , it is necessary to include* the mass releasedduring this f i r s t run. . •
Sum the masses of dust measured on each of the f i l t e r s collected during the 30 rpm run anddesignate this sum, "M "̂, which is the cumulative mass of dust collected during the 30 rpmrun. Us ing the f o l l o w i n g equation, estimate the total mass of dust released f r om the sampleduring the 30 rpm run, "M ,̂" based oh the mass of dust collected during that run (seeSection A.2.1 of A p p e n d i x ,

Mr30 • 2.08*!̂  (11-7)

Any of several commercial spreadsheet programs (inc lud inp . for example, LOTUS™) contain the necessary capabi l i t i e s 'and may b« employed to derive optimum values for *M0* and *k.*
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F I G U R E 11-3
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C a l c u l a t e the total mass of dust o r i g i n a l l y present in the sample , M ( o t , by summing the massreleased during the 30 rpm run with the mass of dust estimated to have resided in the sampl eat the beginning of the higher rpm run, M0 (this is equal to the mass of dust remaining in thes a m p l e at the end of the 30 rpm run). M0 will have been derived as described in S e c t i o n11.2: • . .

MM ° M f 30 + Mo
Estimate the mass percent of r e sp irab l e dust in a sampl e as f o l l o w s :

%RD = 100*KVM s a m p l e -
where:%RD is the mass percent of r e s p i rab l e dust in the s ampl e (%); and

^sample i s * n e mass ° * t n e o r '9 ' n a l sample placed in th e tumbler (g).
1 1 .4 DETERMINING THE CONTENT OF ASBESTOS
The concentration of asbestos in a sampl e is determined differently d e p e n d i n g onasbestos is determined f r om s a m p l i n g grids prepared from f i l t e r s col lected over theopening of the e lutr iator or f r om scrubber suspension.

N O T E
For sample s or ig inal ly containing a s igni f i cant fract ion of coarse material (see Sect ion8.4), the concentration of asbestos reported as a func t i on of the mass of the sampl e( s p e c i f i e d in this section) must be a d j u s t e d for the quantity of coarse material o r i g i n a l l ymeasured in the matrix sampl ed in the field before it can be considered representativeof that matrix. A procedure for a d j u s t i n g asbestos concentrations to account for thecoarse fraction of an environmental matrix is presented in Section 1 1 .4.3.
11.4.1 Based on Direc t ly Prepared Filters Col l e c t ed Over the 1ST Opening of theElutriator

Procedures for determining the concentrations of asbestos structures in a sample differs l i g h t l y d epend ing on whether the structures of interest are longer or shorter than 5 urn.
Structures that are shorter than 5 pm in l e n g t h are derived only f r om the high magni f i ca t i onscan of an analysis. Ca l cu la t e and report the concentration of short asbestos in the originalsample based on the counts of asbestos structures that are derived as d e f i n e d in Section1 1 .1 .1 using the f o l l o w i n g relationship:
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1 O O ' A M , ) < 1 M 0 )
where: -C , is the concentration of asbes tos s tructures (of a d e f i n e d size rangeor t y p e ) in the or ig inal s a m p l e (s/g);

S c h is the number of s tructures (of the d e f i n e d size range or type ofin t ere s t) counted d u r i n g the high m a g n i f i c a t i o n scan of the analysi s;
A, is the total area of the filter f r om which the specimen grids wereprepared (mm2);
%RD is the mass percent of r e sp i rab l e dust in the s ampl e and is d e f i n e dusing Equation 11-9 (%);
N h is the number of grid op en ing s scanned dur ing the highm a g n i f i c a t i o n scan of the analysi s;
Ago is the area of a s i n g l e grid o p e n i n g (mm 2); and
AM, is the mass of r e sp irab l e dust c o l l e c t ed on the filter f r om which thespec imen gr id s were p r e p a r e d . It is d e f i n e d using Equation A-7 (seeS e c t i o n A.2.2 of A p p e n d i x A) (g).

Struc ture s that are l o n g e r than 5 pm in l e n g t h are derived from combined counts c o l l e c t edduring both the high and low magni f i ca t i on scans of an analysts. Calculate and report theconcentration of l ong asbestos in the original s a m p l e based on the counts of asbestoss tructures that are derived as d e f i n e d in Sec t ion 11.1.1 us ing the f o l l o w i n g r e la t i onsh ip:

( 1 1 - 1 1 )
where:C s m p ) is the concentration of asbestos structures (of a d e f i n e d size rangeor t y p e ) in the original sampl e (s/g);

Sg is the number of structures (of the d e f i n e d size range or type ofinterest) counted during the low magni f i ca t i on scan of the analys i s;( and
N g o | is the number of grid op en ing s scanned during the lowmagni f i ca t i on scan of the analysis.

T h u s , for l ong structures, ft is the total counts of structures observed over both the high andlow m a g n i f i c a t i o n scans and the total area scanned (over both the low and high m a g n i f i c a t i o nscans) that are used to determine concentration.
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As an op t ion, asbestos concentrations may also be reported as a f u n c t i o n of the mass ofrespirable dust in a sample using the f o l l o w i n g relationships. For short structures, use:

where:C d u s t is the concentration of asbestos structures (of any d e f i n e d sizerange or t y p e ) in the re sp irable dust of the s a m p l e ( s / g d u s t ) ; and allother parameters are d e f i n e d as described above.

S i m i l a r l y , for long structures, use:

cdus, = (s^ + s c l )*vi(N g o h + W A M , ] (11-13)
11.4.2 Based on S p e c i m e n s Prepared f r o m Scrubber Water

As described in S e c t i o n 1 1 .4.1 , procedures for d e t e rmin ing the concentrations of asbestosstructures in a s a m p l e differ slightly d e p e n d i n g on whether the structures of interest arelonger or shorter than 5
Struc ture s that are shorter than 5 pm in l e n g t h are derived only f r o m the high m a g n i f i c a t i o nscan of an analysis. C a l c u l a t e and report the concentration of short asbestos in the originals ampl e based on the counts of short asbestos structures that are derived f rom the scrubber'suspens ion as d e f i n e d in Sec t i on 11 .1 .2 using the f o l l o w i n g re la t ionsh ip:

Csmpl = S^* V % R D * D F / ( N g o h * A g o * 1 00*MS C f b r) (1 1 -1 4)
where:C sm_| is the concentration of asbestos structures (of a d e f i n e d size rangeor t y p e ) in the original sample (s/g);

Sch is the number of structures (of the d e f ined size range or type ofin t er e s t) counted during the high magni f i ca t i on scan of the analysi s;- -
Af is the total area of the filter f r om which the specimen grids wereprepared (mm2); '
%RD is the mass percent of re sp irable dust in the sampl e and is d e f i n e dusing Equation 11-9 (%);
N g o h is the number of grid openings scanned during the h ighmagni f i ca t i on scan of the analysis;
Ago is the area of a s i n g l e grid opening (mm2);
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OF is the d i l u t i o n f a c t o r by which the scrubber su spens ion had to bed i l u t e d to prepare spec imen g r i d s for analysis (derived as d e f i n e d inEquation 11-3); and
M s c r b r is the mass of r e s p i r a b l e dust c o l l e c t ed in the scrubber su spens iondur ing the run (derived as d e f i n e d in Equation 11-4).

Struc ture s that are longer than 5 |im in l e n g t h are derived from combined counts c o l l e c t edduring both the high and low magni f i ca t i on scans of an analysis. C a l c u l a t e and report theconcentration of l ong asbestos in the original sampl e based on the counts of long asbestosstructures that are derived f r o m scrubber suspension as d e f i n e d in Sect ion 11.1.2 using thef o l l o w i n g relationship:

<Sch + S c l ) * Y % R D * D F / [ ( N g o h + Ngo^*Ago*100*1^,] . ( 1 1 - 1 5 )
where:C | is the concentration of asbestos structures (of a d e f i n e d size rangeor t y p e ) in the original s ampl e (s/g);

Sc| is the number of structures (of the d e f in ed size range or type ofi n t e r e s t ) counted dur ing the low m a g n i f i c a t i o n scan of the ana ly s i s ;and

Ng o, is the number of grid openings scanned during the lowm a g n i f i c a t i o n scan of the analysis.
As an op t i on for analysi s of the scrubber su spens ion, asbestos concentrations may also bereported as a func t i on of the mass of re spirable dust in a sample using the f o l l o w i n gr e l a t i o n s h i p s . For short structures, use:

Cdust - Sch*V^/(Vi*A90*M scrbr) ( 1 1 - 1 6 )
where:C d u s t is the concentration of asbestos structures .(of any d e f i n e d sizerange or t y p e ) in the re sp irable dust of the s ampl e ( s / g d u s t ) ; and allother parameters are d e f i n e d as described above.

Similarly, for long structures, use:

= <sch + SC^VDF/KN^ + Ngo l)*Ago*M s c rbr] ' (11-17)
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11.4.3 Procedure for A d j u s t i n g Asbestos Concentrations to Account for thePresence of Coarse Material in the S a m p l e d Matrix
As indicated in Sect ion 8.4, due to the need to incorporate field data into th i s calculat ion, af orma! protocol d e s i g n a t i n g who is to p e r f o r m this calculation and how that i n d i v i d u a l is toobtain the needed field information must be d e f in ed at the start of a study using this method.
To provide a representat ive measure of the concentration of asbestos in an environmentalmatrix in which signif icant coarse material is f ound (i.e. more than 10% by weight), f ir s t derivean a p p r o p r i a t e coarseness adju s tment factor:

where:CF is the coarseness adjus tment fac tor for a part icular sample(dimens i on l e s s);
Mfjn e is the mass of f i n e material measured immediately a f t e r sieving thes a m p l e in the f ie ld (g); and
M c o a r s e is the mass of coarse material measured i m m e d i a t e l y a f t e r s ievingthe s a m p l e in the f ield (g).

Then, to determine the concentration of asbestos in the environmental matrix that wass a m p l e d , p e r f o r m t h e f o l l o w i n g ad ju s tmen t:
Cmux = C F * C smpl 0

where:CF is the coarseness a d j u s t m e n t f a c t o r for a part i cu lar s a m p l e (derivedas d e f i n e d above);
C m t a is the concentration of asbestos structures (of a d e f i n e d size rangeor t y p e ) in the field matrix sampled (s/g); and
C s m p ) is the concentration of asbestos structures (of a de f ined size rangeor t y p e ) in the sample sent to the laboratory (s/g). This isdetermined as described in Sections 11.4.1 and 11.4.2 above.
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12.0 P E R F O R M A N C E C H A R A C T E R I S T I C S A N D Q U A L I T Y C O N T R O L / Q U A L I T YA S S U R A N C E R E Q U I R E M E N T S

12.1 M E T H O D P E R F O R M A N C E
The method d e f i n e d in this document achieves the target per formance requirements d e f i n e din Sec t i on 2.1 at a cost that should be compet i t ive with other procedures that might bedesigned to produce comparable in f ormat i on (Sec t i on 2.4). •

12.1.1 Analyt i ca l Sens i t iv i ty
As indicated in Section 11.1, d e p e n d i n g on sample characteristics, between 1 and 8 gridopenings will likely have to be scanned at high m a g n i f i c a t i o n (20,000x) to achieve the targetanalytical sensitivity for total asbestos structures of 5x107 s/g? ( ? l i d. Simi lar ly , between 15 and133 grid openings will likely have to be scanned at low m a g n i f i c a t i o n (10,000x) to achieve thetarget analytical sensitivity for long asbestos structures (longer than 5 pm) of 3x106 s /g s o i j d .

' . -^ ~t"-f v 'The d e f i n e d sensitivities for total and long structures were, easily acfc>v$£!cfuring the p i l o ts t udy f o r t h e method (Berman e t a t 1994a). ' ' * ' " * "
12.1.2 .Precision

Resul t s of the p i l o t s t udy for thi s method (Berman et al 1994a) indicate that, when 50structures are counted, the average relative percent d i f f e r e n c e observed among eight sets ofd u p l i c a t e s a m p l e s (four sets of d u p l i c a t e s a m p l e s analyzed by each of two labora tor i e s) is20%.
The preci s ion of an asbestos measurement (in this case, expres sed as the relative percentd i f f e r e n c e ) should be inversely p r o p o r t i o n a l to the square root of the number of structurescounted. Given that 10 structures are l i k e l y to be counted at the target concentrations for thi smethod (see Sect ion 2.1.1) and, based on the precision observed in the p i lo t study when 50structures are counted, it is expected that the average relative percent d i f f e r e n c e achievablefor this method should be 43% at the target concentrations l i s ted in Sect ion 2.1.1. T h u s ,given the analytical sensitivities d e f i n e d in Sect ion 2.1.1 and the s t o p p i n g rules d e f i n e d inSect ion 11.1, this method is capable of achieving a level of precision that is comparable withthe gu id e l in e s recommended in the CLP for the analysis of other analytes in soi l s and d e f i n e d -for this method in Sect ion 2.1.2.
The precision observed during the p i l o t study for this method is based on specimen gridsprepared f rom the suspension col lec ted in the scrubber of the e lutriator (Appendix A). It isexpected that the precision achieved f o r ' a n a l y s e s derived from scans of specimen gridsderived by direct preparat ion of f i l t e r s co l lec ted over the isokinetic s a m p l i n g tube of the dustgenerator (see A p p e n d i x A) will be s i g n i f i c a n t l y worse. Procedures are therefore incorporatedinto this method in which the majority of samples will be analyzed based on preparat ion ofspecimen grids from f i l t e r ed scrubber suspension with a subset of 5 to 10% simultaneouslyanalyzed using specimen grids prepared by a direct t r a n s f e r technique f r om f i l t e r s co l l ec t edover the isokinetic sampl ing tube of the elutriator (see Chapter 10). The latter is required tod e v e l o p a regression re la t ing these two type s of preparat ions so that measurements can beevaluated using existing dose-response factors for asbestos (see Section 2.1.3); existing
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dose-response f a c t o r s tend to be based on the analys i s of sample s whose p r e p a r a t i o ncorre sponds most c lo s e ly to a direct pr epara t i on .

N O T E
It is ant i c ipa t ed that a direct, l inear r e l a t i o n s h i p will be observed between asbestosconcentrations der ived, re spec t ive ly, f r om scrubber suspension and from fil terscollected over the 1ST opening of the elutriator for samples collected from the sameenvironmental matrix. However, there is little reason to expect that such a re la t ionsh ipwill hold across samples collected from d i f f e r e n t environmental matrices. There f or e ,sample s to be employed to determine the r e la t i on sh ip between asbestos measuredfrom scrubber suspension and'from f i l t e r s mounted over the 1ST opening of theelutriator should be selected and evaluated s eparate ly for each environmental matrixsampled during a s tudy for analysis using this method.

It must be recognized that compromises are required when deve l op ing a method of this type.The propo s ed r epor t ing of s a m p l e s prepared p r i m a r i l y by an indirect technique with a smallsubset of d i r e c t l y pr epared s a m p l e s (the la t t er used p r i m a r i l y to provide a link between thereported measurements and exi s t ing dose-response f a c t o r s ) represents such a compromise.
The proposed procedure allows for the determination of relative concentrations with maximumpreci s ion so that a r b i t r a r i l y small d i f f e r e n c e s in concentrations can be easily d i s t i n g u i s h e d .Among other things, this will f a c i l i t a t e d i s t ingui sh ing upwind and downwind concentrations bya source. At the same time, somewhat lower precision is considered accep tab l e forestimating the absolute risk associated with any particular measurement

N O T E
The uncertainty of the proposed regression to l ink results from dire c t ly and i n d i r e c t l yprepared sample s is expected to be a t tr ibu tab l e almost exclusively to the l imi t edprecision of the direc t ly prepared samples. T h e r e f o r e , use of the proposed regressionfor e s t imating risks may not s i g n i f i c a n t l y increase the uncertainty of such a riskanalysis beyond what would be associated with assigning an estimated risk to anasbestos concentration derived from a d i r e c t l y prepared sample in any case.
It is also assumed that a s u f f i c i e n t number of s ampl e s (I.e. a minimum of approx ima t e ly10) will be co-prepared and analyzed to allow reasonable confidence in the results of.the regression.
12.1.3 Accuracy

Based on the result s of the p i l o t study (Berman et al. 1994a), there appears to be a prob l emwith laboratory bias during the counting of asbestos structures in support of this method.The bias is introduced s p e c i f i c a l l y during the analysis of specimen grids because d u p l i c a t esample s prepared by the same laboratory using identical procedures nonetheless yie lds i g n i f i c a n t l y d i f f e r e n t counts by analysts from each of two laboratories.
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Given that analys t s within a s ing l e laboratory a p p e a r to be c a p a b l e of achieving goodagreement on counting (also demonstrated in the p i l o t s t udy), the prob l em of between-laboratory bias wjll need to be addres s ed by the i m p l e m e n t a t i o n of an aggressive inter-laboratory qual i ty "control (QC) program in which sampl e s are r e g u l a r l y shared amonglaboratories and a procedure for v e r i f i e d counting is in s t i tu t ed . It may also be u s e f u l topromote meetings with di scus s ion sessions in which analys t s f r o m d i f f e r e n t laboratorie sdiscuss the in t erpre ta t i on of structures viewed s imu l taneou s ly (either d i r e c t l y f rom amicroscope or f r o m a video).
12.1.4 Asbestos Characteristics

As was observed during the p i l o t s tudy (Berman et al. 1994a), this method is easi ly capab l eof preserving informat ion concerning the d i s tr ibut ion of the sizes and shapes of asbestosstructures that are l i k e l y to be released f r om environmental matrices that are dis turbed bynatural or anthropogenic forces. As indicated in Section 2.1.3, such information is critical toevaluating the po t en t ia l heal th e f f e c t s of the asbestos dusts generated by releases f r o masbestos-containing matrices (see, for example , Berman and Crump 1989).
I n t e r f e r e n c e s and l i m i t a t i o n s concerning the a b i l i t y to identify and characterize asbestosstructures using the counting and i d e n t i f i c a t i o n rules of the ISO M e t h o d , as a d o p t e d for thismethod ( S e c t i o n 1 1 . 1 ) , are described in the ISO M e t h o d (Chatfield 1993).

12.1.5 Report ing Requirements
As indicated in Sec t i on 11.4, the concentrations of asbestos structures (of any d e f i n e d size ort y p e ) that are measured using this method can be easi ly reported either as a f u n c t i o n of themass of the sampl ed material or as a f u n c t i o n of the mass of r e sp irab l e dust in the s a m p l e dmaterial. T h i s should al low s u f f i c i e n t flexibility to f a c i l i t a t e use .of result s f rom this method inconcert with any of the f a t e and transport mode l s that may be emp loyed to predic t exposure( S e c t i o n 2.1.4).
12.2 Q U A L I T Y C O N T R O L R E Q U I R E M E N T S
The quali ty as surance/qual i ty control (QA/QC) requirements indicated in the ISO Method( C h a t f i e l d 1993) shall be considered relevant and a p p r o p r i a t e when using this method. Inaddi t i on , the f o l l o w i n g blank and d u p l i c a t e / r e p l i c a t e s chedule shall be e m p l o y e d whenrunning sample s using this method. ...

12.2.1 Blanks
The f o l l o w i n g blanks shall be collected routinely in concert with use of this method:

lot b lanks or filter blanks. Two f i l t e r s f rom each lot of 50 f i l t e r s obtained f rom themanufacturer shall be prepared using a direct t rans f er procedure and analyzed toassure that background contamination on the f i t t e r s does not exceed 10s/mm 2

(Sect ion 6.6). Only f i l t e r s f r om lots whose blanks pass the d e f i n e d criterion shal lbe used in suppor t of this method;
laboratory blanks. A s u f f i c i e n t number of laboratory blanks shal l be c o l l e c t e d ,prepared using a direct t rans f er technique and analyzed to show that the room in
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which bulk samples are handled and prepared sa t i s fy the requirements d e f i n e d inSect ion 10.6 of C h a t f i e l d and Berman (1990). When laboratory blanks indicatethat room air is out of compliance with the stated criterion, use of this method isto cease until a p p r o p r i a t e corrective actions are c o m p l e t e d ;
f i e l d blanks. Field blanks shall be collected during any sample col lect ionactivities p er f ormed in association with use of this method. The number of suchblanks to be collected and the schedule for their analysis shall be determinedbased on the complexi ty of the anticipated sampl ing scheme and shall bed e f i n e d as part of the s a m p l i n g p lan for the site. QC criteria for f i e l d blanks willalso be set as part of the p l a n n i n g for the study;
equipment blanks. Equipment blanks are collected at the beginning of each runof the dust generator, as described in Section 9.4.3. Equipment blanks do notgeneral ly need to be analyzed on a regular basis but shall be stored, in case theiruse is required to h e lp determine the source of contamination that may bediscovered by some other means;
run blanks. Run blanks are also co l l ec t ed at the beginning of each run of thedust generator, as described in Section 9.4.3. One run blank shall be analyzedroutinely for the f i r s t run completed on any particular sample. The remaining runblanks generated in association with a part i cular sample shall be stored in casetheir use is required to he lp determine the source of contamination that may bediscovered by some other means.
Should asbestos structure counts on run blanks exceed the target criterion of10s/mm 2 , use of this method shall cease until appropriate corrective actionshave been completed and new run blanks are shown to achieve the statedcriterion; and
scrubber blanks. Scrubber blanks shall be derived by col l ec t ing a 1 ml aliquot ofscrubber liquid (after the scrubber is loaded and assembled for a run but b e f or eheating of the scrubber is ini t ia ted), d i l u t i n g the aliquot to 10 ml, and c o m p l e t i n gthe preparation of the di luted aliquot as described in Section 9.4.6. Scrubberblanks do not need to be analyzed routinely but shall be stored in
case their use is required to h e lp determine the source of contamination that maybe discovered by some other means. ' •

In add i t i on to the above lis ted blanks that must be col lec ted routinely in association with useof this method, the f o l l o w i n g may prove h e l p f u l for i d e n t i f y i n g the source of any contaminationthat might be detected in association with use of the dust generator:
modi f i ed run and scrubber blanks. M o d i f i e d run and scrubber blanks may begenerated by set t ing up and operating a clean dust generator without sample.Filters may be collected f r o m either the ME or the 1ST opening of the dustgenerator at any point of such a run. Similar ly, aliquots of scrubber liquid maybe withdrawn from the scrubber at any point Such blanks may prove useful fordetermining whether contamination is being introduced by any of thecomponents of an operating dust generator (including, for example, the constant
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h u m i d i t y so lu t ion, the rotat ing tumbler, the elutriator tube, the air t r a n s f e r l ines ,and/or the glassware or l iquid of the bo i l ing scrubber); and
post-run scrubber blanks. .A post-run scrubber b lank may be generated byrep ea t ing the rinse of the t r a n s f e r l ine s , condensers, and scrubber f l a s kimmedia t e ly a f t e r the quantitative rinse conducted for a part icular sample (seeSect ion 9.4.6). The resulting liquid must then be we ighed , d i l u t e d quanti tat ively,and pr epar ed in the same manner as described for the scrubber suspension of as a m p l e ( S e c t i o n 9.4.6). The normalized concentration of asbestos structuresf ound in such a blank shall represent no more than 10% of the concentration ofasbestos structures observed in the sample prepared immediately prior toc o l l e c t i n g the post-run blank. H i g h e r blank concentrations shall be consideredunacceptable. If b lank concentrations are observed, procedures for quantitativerinsing shall be reviewed, m o d i f i e d , and tested until losses can be shown to beacceptable.

N O T E
A s b e s t o s observed in post-run blanks cons t i tu t e asbestos that is lost f r o m as a m p l e d u r i n g preparat ion.

12.2.2 D u p l i c a t e s / R e p l i c a t e s
A f i x e d f r a c t i o n (5 to 20%) of the s a m p l e s co l l e c t ed in the f i e l d in s uppor t of thi s method shall. be collected as spat ial d u p l i c a t e s (two samples col lec ted at immediate ly adjacent locations).These shall be labe l ed and sent to the laboratory in such a manner so as to assure thatlaboratory personnel cannot i d e n t i f y them as d u p l i c a t e s . The f r equency of c o l l e c t i on ofs p a t i a l d u p l i c a t e s s ha l l be d e f i n e d as part of the s a m p l i n g p l a n for the site. Compari son ofthe results of the analysis of such samples provides a measure of at! of the components oftotal precision except p o p u l a t i o n variability.

As indicated previously (Sect ion 8.2.1), 100% of the sample s shipped'from the f i e l d are to bes h ipp ed as dup l i ca t e pairs. The laboratory shall randomly select 10% of the d u p l i c a t esample s s h i p p e d f r o m the field and shall analyze both sample s of the pairs so selected.-Compari son of the result s of the analysts of such s a m p l e s , which are homogenized s p l i t s ofthe same sample, provides an indication of the precision achieved by sampl e pr epara t i on andanalysis.
S h o u l d analysis of d u p l i c a t e pairs indicate an unacceptable degree of variability (i.e. a relativepercent d i f f e r e n c e greater than 50%), replicate counts shall be p e r f o r m e d on des ignatedsamples by m u l t i p l e analysts in the laboratory (or by the same analyst on different days).Laboratory management shall assign such counts so as to assure that analysts cannotdetermine which counts are replicate s . Results of such repl icate counts shall serve todi s t ingui sh whether the major source of variabi l i ty observed among d u p l i c a t e pairs is due toanalysis or to sample preparation. A p p r o p r i a t e corrective actions may then be devised.
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13.0 R E P O R T I N G R E Q U I R E M E N T S

13.1 F I E L D A N D L A B O R A T O R Y N O T E B O O K S
Over the course of the p r o j e c t , i n f o r m a t i o n cri t ical to the p r o p e r r e p o r t i n g and i n t e r p r e t a t i o n ofeach sample analys i s will be d e v e l o p e d both in the field and in the laboratory. F o r m a lprocedures are required to preserve such i n f o r m a t i o n and to a l l ow for the documentation ofat tendant i n f o r m a t i o n that , while not employed d i r e c t l y In the calculat ion of resul t s , mayprovide insight into the interpre tat ion of such results.

13.1.1 F i e l d N o t e b o o k s
During sampl e co l l ec t ion, d e t a i l e d notes will be kept in a standard field or laboratorynotebook that is bound and p r e - p a g i n a t e d . All entrie s to the notebook are to be dated andin i t ia l ed . I n f o r m a t i o n to be recorded during s a m p l e c o l l e c t i on should include (but is notl imi t ed t o ) : .

(a) r e f er ence to thi s method;
(b) the pro j e c t t i t l e , i d e n t i f i c a t i o n of the site, and the names and t i t l e s of fieldper sonnel p a r t i c i p a t i n g in th e s a m p l i n g e f f or t ;
(c) i d e n t i f i c a t i o n of each s a m p l e or f r a c t i o n of each s a m p l e handled in the field;
(d) the date and time that each s a m p l e was co l l e c t ed and the time interval d u r i n gwhich each s a m p l e was p r e p a r e d in the field;
(e) the locat ion f r om which each s a m p l e was c o l l e c t ed and the manner in whichs a m p l e locat ions were s e l ec t ed ( i n c l u d i n g re ference to the s a m p l i n g p l a n underwhich s a m p l i n g was c o n d u c t e d ) ;
(f) a general d e s c r ip t i on of the physical appearance of the materials s a m p l e d ;
(g) the typ e s of equipment and the procedure s employed to collect each s a m p l e ;
(h) a summary of the procedure employed for field preparat ion of each sample( i n c l u d i n g , for example , the number of passes through a ri f f le s p l i t t e r employedfor homogenization, and the number of s p l i t s required to reduce the s a m p l e tothe size required);
(i) the relevant iden t i t i e s and weights of each f rac t i on of sampl e handled d u r i n g fieldpreparation ( i n c l u d i n g s p e c i f i c a l l y the weight s of the coarse and f i n e f ra c t i on sseparated f r o m each sample during s i eving);
(j) other relevant f i e ld observations ( i n c l u d i n g , for example, the meteoro logi ca lconditions under which s a m p l i n g was c onduc t ed); and
(k) the i d e n t i f i c a t i o n , weight, and intended de s t inat ion of each sample s h i p p e d f r o mthe f i e l d .
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13.1.2 Laboratory N o t e b o o k s
During s a m p l e h a n d l i n g , p r e p a r a t i o n , and analysi s , d e ta i l ed notes will be kept in a laboratorynotebook that is bound and pre-paginated. All entries to the notebook are to be dated andini t ia led. I n f o r m a t i o n to be recorded during sample preparat ion and analysis should include(but is not l imited to):

(a) re ference to this method;
(b) id en t i f i ca t i on of each sample or fraction of each sample received from the fieldand the date and time that each sample was received;
(c) i d e n t i f i c a t i o n of all laboratory personnel who par t i c i pa t e in the pr epara t i on andanalysis of sampl e s and the s p e c i f i c operations p er f ormed by each;
(d) id en t i f i ca t i on of reagents, equipment, and s u p p l i e s employed during sampleh a n d l i n g , preparat ion, and analysis;
(e) relevant material we ight s a n d / o r volumes;
(f) the lot number and manufacturer of the f i l t e r s employed during samplepreparat ion;
(g) a summary of the procedure employed for laboratory preparat ion of each s a m p l e( i n c l u d i n g , f or e x a m p l e , the number o f passes through a r i f f l e s p l i t t e r emp loyedfor homogenization and the number of s p l i t s required to reduce the sample to thesize required);
(h) the relevant i d e n t i t i e s and weights of each f r a c t i o n of s a m p l e hand l ed d u r i n glaboratory p r e p a r a t i o n ;
(i) the se tup conditions employed for the dust generator (inc lud ing, for example, theidenti ty of the salt employed for humidity control, air f l o w conditions, and thes e t t ing on the variable vol tage t rans f ormer employed for the scrubber);
(j) the date and starting time, de scr ipt ion ( i n c l u d i n g , primarily, the tumbler rotationalspeed), and sample ident i f i ca t ion for any run conducted on the dust generator;
(k) the weight and i d e n t i t y of the sub-sample placed in the dust generator;
(I) the identi t ie s , time intervals of co l l ec t ion, the starting and ending weights, and thenet weights of f i l t e r s col lected during a run on the dust generator that are to beused to determine the rate of dust generation;

. (m) the f i g u r e s and calculat ions employed to determine the rate of dust generationand the quantity of dust in the sample;
. (n) the identi ty, time interval of collection, starting and ending weights, and the netweights of f i l t e r s collected during a run on the dust generator that are to be usedto generate specimen grids for asbestos analysis;
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(o) the i d e n t i t y , time interval o f c o l l e c t i o n , the w e i g h t / v o l u m e , d i l u t i o n f a c t o r , al iquoti d e n t i f i c a t i o n , and f i l t er i d e n t i f i c a t i o n for the co l l e c t ion, h a n d l i n g , and f i l t e r i n g ofscrubber suspension;
(p) the id en t i ty of all filter sections used for preparation of specimen gr id s and thei d e n t i t y of the specimen g r i d s ( i n c l u d e a d e s c r i p t i o n of the sector and radiald i s t anc e f r o m the center of the filter represented by each section);
(q) energy leve l s and s e t t i n g s for instruments employed for analysis;
(r) f l o w rates, pressures, temperatures , and other relevant physical parameters thatp o t e n t i a l l y impact procedures;
(s) room condit ions (i.e. t emperature, relative humidi ty, and ventilation rates)p r e v a i l i n g dur ing sampl e prepara t i on;
(t) other relevant observations ( i n c l u d i n g , for e x a m p l e , any d i f f i c u l t i e s encounteredd u r i n g p r e p a r a t i o n and analysi s and any procedural changes incorporated into"the method that are necessitated by such difficulties);
(u) documentat ion of all ca l cu la t ions p e r f o r m e d in s u p p o r t of p r e p a r a t i o n andanalysis;
(v) all relevant QA/QC measurements ( i n c l u d i n g the re sul t s of the analysi s of allb l a n k s , d u p l i c a t e s , and repl icate s- see C h a p t e r 12); and
(w) a d e t a i l e d time log of events i n c l u d i n g the time that par t i cu lar procedure s arei n i t i a t e d and c o m p l e t e d for each sample .

13.2 F I E L D A C T I V I T I E S REPORT
To assure that the field in f ormat i on required to c o m p l e t e e s t imation of dust and asbestosconcentrations and release rates are provided to the data users, a f i e l d activities report mustbe c o m p l e t e d and must be submitted to the laboratory a long with the correspondingsamples . Laboratory personnel are then to attach this report d i r e c t l y to their batch report,which shall cover the corresponding batch of samples.
The field activities report shall inc lude the f o l l o w i n g for each s a m p l e batch, at a minimum:

(a) the p r o j e c t title and the i d e n t i f i c a t i o n of the site;
(b) reference to this method;
(c) re ference to the s a m p l i n g and analysis p l a n under which sampl e s were c o l l e c t e d ;
(d) a brief d e s c r ip t i on of the objec t ive s for s a m p l i n g ;
(e) a brie f d e s c r i p t i o n of the procedures e m p l o y e d for s e l e c t ing s a m p l i n g locationsand the motivation for e m p l o y i n g such procedures;

13-3



(fj for each sampl e in the batch accompanying the report:
the Jdenti f ier for each s a m p l e f r a c t i o n submitted to the laboratory;
the. i d e n t i f i e r for the original s a m p l e f r o m which each submit t ed s a m p l ef r a c t i o n was derived;
the t y p e of equipment and re f erence to (or a brief d e s cr ip t i on of) theprocedures employed for co l l e c t i on of the original sample;

- the coordinates at which each original sample was collected 3 6;
the total mass of the original sample from which each sample fract ionoriginated and the masses of the coarse and f i n e f rac t i on s separated dur ingsieving of the s ampl e in the field;
a brie f de s cr ip t ion of the procedures e m p l o y e d for s a m p l e homogenizat ionand f or s a m p l e s p l i t t i n g ;
the date and time that each s a m p l e was c o l l e c t ed and the date and time thateach s a m p l e f ra c t i on was prepared in the field; and
a brief discussion of any deviation f r o m the s a m p l i n g and analysis p l a n notcovered in e.

An e x a m p l e of the f o rmat to be employed for a field activities report is provided in F i g u r e13-1.
13.3 S A M P L E A N A L Y S I S REPORT
The s a m p l e analysi s report for each s a m p l e s ha l l in c lud e the f o l l o w i n g at a minimum:

(a) reference to this method;
(b) re ference to the sample i d e n t i f i c a t i o n arid batch number for the sample;
(c) the date and site f r om which the s ampl e was c o l l e c t e d ;
(d) the weights and ident i t i e s of the coarse and f i n e f rac t ions of the s ampl e and thesub-sample of the f i n e frac t ion sent for analysis;
(e) the weights and ident i t i e s of any s p l i t s or other f rac t i on s of the sample generatedduring laboratory preparat ion;
(f) the weight and ident i ty of the sub-sample placed in the dust generator;

x H the submitted sample frac t ion la a tub- sample of a composite, what should be described her* is the s p e c i f i c area ofconcern (or portion t h e r e o f ) that is intended to be represented by the composite),
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F I G U R E 13-1F O R M A T F O R T H E F I E L D A C T I V I T I E S REPORT

N a m e of f i e l d activities contractorA d d r e s s of contractorContact N a m eT e l e p h o n e Number
P R O J E C T / S I T E :NameA d d r e s s
M E T H O D S A N D PROCEDURES:Field I n v e s t i g a t i o n Design: (Reference the sampling plan)S a m p l e Col l e c t i on and H a n d i n g : (Reference this method)

S A M P L I N G O B J E C T I V E S :(Complete a brief description hen)

S A M P L I N G L O C A T I O N S E L E C T I O N PROCEDURE:(Complete a brief description here)

Report Tit l e:Report Number: Date

S A M P L E D A T A
F i e l dS a m p l eNumber

4

Locat ionI d e n t i f i e r s

_

Mass ofS a m p l e MassF i n eFrac t ion
M a s sCoarseF r a c t i o n

M a s sS a m p l eS p l i t
M a s sDuplicateS p l i t

S a m p l eS p l i t
I D

D u p l i c a t eS p l i t
I D

DateSampled T i m e | Comments:Sampled jj (Include IdentificationI of all field sampling
j and field preparationj procedures employed)

.: ink t !•:>



An e x a m p l e of the f o r m a t to be e m p l o y e d for a s a m p l e analys i s report is pre s en t ed In F i g u r e
13-2.
13.4 SAMPLE BATCH R E P O R T S
In a d d i t i o n to the s a m p l e analys i s report for each s a m p l e , p rov id e a summary p a g e for eachbatch of s a m p l e s r e p r e s e n t i n g an entire p r o j e c t . The summary sheet sha l l inc lude:

(a) the p r o j e c t t i t le;
(b) reference to this method;
(c) the date that s a m p l e s were c o l l e c t e d , the date they were received by thelaboratory, and the date they were analyzed;
(d) a summary l i s t i n g of s a m p l e re su l t s i n c l u d i n g :

the s a m p l e number;
the e s t imated concentration of r e s p i r a b l e dust in the s a m p l e ;
the analyt i ca l s en s i t iv i ty achieved for each s i z e / t y p e category of interest;
the total number of structures of each s i z e / t y p e category of interest counted;
the concentration of asbestos structures of each s i z e / t y p e category ofinterest in the s a m p l e and in the r e sp i rab l e dust of the s ampl e (both reporteda long with c o r r e s p o n d i n g 95% c o n f i d e n c e l i m i t s ) ; and
the concentration of asbestos s tructures of each s i z e / t y p e category ofinterest e s t imated for the environmental matrix that was s ampl ed in the field( r e p o r t e d a long with corre sponding 95% c o n f i d e n c e l imi t s) .

An example of the format to be employed for s ampl e batch repor t s is presented in F i g u r e13-3.
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F I G U R E 13-2
S A M P L E A N A L Y S I S REPORT F O R M A T

L a b o r a t o r y N a m e . Repor t DateL a b o r a t o r y A d d r e s s P r o j e c t N a m e (Optional)
Labora t ory ContactT e l e p h o n e N u m b e r M E T H O D S :(reference this method)

Date A n a l y s i s S t a r t e d ( M / D / Y r )Date A n a l y s i s C o m p l e t e d ( M / D / Y r )
A n a l y s t ( s ) I n i t i a l s
Laboratory S a m p l e N o .F i e l d S u b - S a m p l e I d e n t i f i c a t i o n N o .F i e l d Prepara t i on T e c h n i q u e ( A t t a c h a C o p y o f t h e Relevant F i e l d A c t i v i t i e s R e p o r t )A d d i t i o n a l Laboratory Preparation Procedures (describe any employed)S a m p l e DryingS a m p l e S p l i t t i n gOther

T E M A n a l y s i s :E f f e c t i v e Area o f A n a l y t i c a l Fi l t e r ( sq mm)
(Indicate whether from Scrubber or from 1ST Opening)
M a g n i f i c a t i o n
G r i d O p e n i n g Area (sq mm)N u m b e r of G.O. ScannedA s b e s t o s Struc tur e S i z e and T y p e C a t e g o r i e s of I n t e r e s t (see Chatfield 1993)Minimum A c c e p t a b l e S t r u c t u r e I d e n t i f i c a t i o n C a t e g o r y (see Chatfield 1993)

Dust Generator ,Mass o f S a m p l e T u m b l e d (g)
Air F l o w Rate T h r o u g h ME O p e n i n g o f Dust G e n e r a t o r ( m l / m i n )
A i r F l o w Rate T h r o u g h 1 S T O p e n i n g o f Dust G e n e r a t o r ( m l / m i n )A i r F l o w Rate T h r o u g h Scrubber ( m l / m i n )
Est imat ed T o t a l A i r F l o w Rate T h r o u g h E l u t r i a t o r ( m l / m i n )
Total Mass of Dust C o l l e c t e d on Dust Filters (g)T i m e of Dust C o l l e c t i o n (24 hour, clock) at 30 rpmStart: .S t o p :T i m e of Dust C o l l e c t i o n (24 hour clock) at 60 rpmStartS t o p :
Estimated f i r s t - o r d e r rate constants f or dust generation ( m i r T 1 )At 30 rpm: . .At 60 rpm:
Estimated S t a r t i n g Mass of Respirable Dust in S a m p l e (g) • .( A t t a c h time p l o t s and c a l c u l a t i o n s ) .

S a m p l e s f r o m t h e Scrubber S u s p e n s i o nT o t a l V o l u m e o f Scrubber S u s p e n s i o n (ml)Est imated Mass of Dust C o l l e c t e d in Scrubber S u s p e n s i o n (g)V o l u m e , o f A l i q u o t Withdrawn f r o m Scrubber S u s p e n s i o n (ml)V o l u m e into which Scrubber A l i q u o t D i l u t e d (ml)Dilut ion F a c t o r ( d i m e n s i o n l e s s )V o l u m e of A l i q u o t F i l t e r e d (from Diluted Suspension) (ml)
S a m p l e s f r o m t h e I s o k i n e t i c S a m p l i n g T u b e ( 1 S T ) O p e n i n g o f t h e Dust Generator• (indicate whether 30 or 60 rpm run)T i m e of C o l l e c t i o n (24 hour clock)StartS t o p :Est imated Mass of Dust C o l l e c t e d on Filter
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F I G U R E 13-2S A M P L E A N A L Y S I S REPORT F O R M A T ( C e n t . )

Laboratory N a m e m Report Date
Laboratory S a m p l e N o .

L o w H i g hM a g n i f i c a t i o n M a g n i f i c a t i o n
Chryso t i l e Asbe s to s A n a l y s i s Results:

No. o f T o t a l C h r y s o t i l e A s b e s t o s Struc ture s XXXNo. of Long (> 5 um) C h y s o t i l e A s b e s t o s S t r u c t u r e s
N o . o f T o t a l C h r y s o t i l e A s b e s t o s F i b e r s / B u n d l e s . X X XNo. of L o n g (> 5 um) C h y s o t i l e A s b e s t o s F i b e r s / B u n d l e s

Low H i g hM a g n i f i c a t i o n M a g n i f i c a t i o nA m p h i b o l e Asbe s t o s A n a l y s i s Results:No. o f T o t a l A m p h i b o l e Asbe s t o s S t r u c t u r e s XXX
No. of Long (> 5 um) A m p h i b o l e Asbes to s Structure s
N o . o f T o t a l A m p h i b o l e Asbe s t o s F i b e r s / B u n d l e s X X X
No. o f Long (> 5 um) A m p h i b o l e A s b e s t o s F i b e r s / B u n d l e s
(Indicate Amphibole Mineral Type) •

E S T I M A T E D C O N C E N T R A T I O N S O F R E L E A S A B L E A S B E S T O S I N S A M P L E
Cone. 95%UCLT o t a l C h r y s o t i l e S t r u c t u r e s p e r g S a m p l e :T o t a l A m p h i b o l e Struc tur e s p e r g S a m p l e :T o t a l Asbes to s Structure s per g S a m p l e :Long Chryso t i l e Structures per g S a m p l e :L o n g A m p h i b o l e Struc tur e s p er g S a m p l e :L o n g A s b e s t o s Struc tur e s per g S a m p l e :

Estimated A n a l y t i c a l Sens i t iv i ty: (stmctures/g sample)
E S T I M A T E D C O N C E N T R A T I O N S O F R E L E A S A B L E A S B E S T O S I N R E S P I R A B L E D U S T O F S A M P L E

Cone. 95%UCLT o t a l Chryso t i l e S t r u c t u r e s per g Dust:T o t a l A m p h i b o l e Structures per g Dust:
T o t a l Asbes to s S t r u c t u r e s per g Dust:L o n g C h r y s o t i l e Stru c tur e s per g Dust:L o n g A m p h i b o l e S t r u c t u r e s per g DustLong Asbe s t o s Struc ture s per g Dust
Estimated Analyt i ca l Sensi t iv i ty: (structures/g dust)

( A t t a c h a C o p y of the TEM Raw Data S h e e t s )
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F I G U R E 13-3
S A M P L E B A T C H REPORT F O R M A T

Laboratory N a m eLaboratory A d d r e s sLaboratory ContactT e l e p h o n e N u m b e r

R E L E A S A B L E A S B E S T O S I N R E S P I R A B L E O U S T
LaboratoryS a m p l e 1.6. Respirab l eDustCone( g / g s m p l )
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APPENDIX A:
C O N S T R U C T I O N A N D O P E R A T I O N O F A D U S T G E N E R A T O R
F O R I S O L A T I N G T H E R E S P I R A B L E F R A C T I O N O F M A T E R I A L

F R O M S O I L S O R O T H E R B U L K S A M P L E S

The dust generator incorporated into this method for the determination of asbestos in soilsand bulk materials is designed to isolate the respirable frac t ion of material ( i n c l u d i n g thereleasable frac t ion of respirable asbestos) that is present within the matrix of the parentsample . A de s c r ip t i on of the a p p a r a t u s is provided below along with a brief discussion of thetheory of its operation. F i g u r e s d e p i c t i n g d e s ign of the p r o t o t y p e are also provided in the lastsection of th i s a p p e n d i x to f a c i l i t a t e d e s i g n and construction of s imilar equipment.
A . 1 D U S T G E N E R A T O R D E S C R I P T I O N
The dust generator is composed of a tumbler, a vertical elutriator, a dust co l l e c t ion system,arid a scrubber. A schematic d iagram of the a p p a r a t u s is pre s ented in F i g u r e A-1 and ap h o t o g r a p h of the a p p a r a t u s is shown in F i g u r e A-2. The a p p u r t e n a n t equipment required toopera t e the dust generator is also shown in F i g u r e A-2. T h i s inc lude s:

• a DC motor to drive the tumbler;
• a constant humidi ty chamber to control the humid i ty of the air that f l o w s intothe dust generator. T h i s is the clear p l a s t i c box enc lo s ing the t u m b l e r in thep h o t o g r a p h ;
• the p u m p s required to create an air f l o w through the dust generator and thef l o w control lers required to monitor and appor t i on air f l o w through the variousf i l t e r s and the scrubber; and
• the heat ing mantle, variable v o l t a g e t r a n s f o r m e r , and coo l ing towers requiredfor the scrubber.
A.1.1 The Tumbler

The tumbler is located in the clear p la s t i c enclosure at the bottom of the dust generator( F i g u r e s A-2 and A-3). It is a l ong shal low tube of square cross section that is a p p r o x i m a t e l y1 and 1/8 inches in height and width and has an overall l e n g t h of 10 inches ( F i g u r e A-4).
The tumbler is driven by a variable speed DC motor, which rotates the tumbler around itslong axis. The tumbler's rotation rate can be varied over the range of 10 to 150 revolutionsper minute (rpm). The DC motor is attached to the tumbler using a slip-on type f l e x i b l ec o u p l i n g so that they can be r e a d i l y detached s i m p l y by p u l l i n g the motor away from thetumbler. The t umb l e r can also be r ead i ly de tached f r o m the connection tube to the e lutr iator;they are connected with a s l i p fit over the outer race of the ball bearing assembly that iswelded to the end of the tumbler (Figure A-4).
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F I G U R E A - 1
S C H E M A T I C O F O U S T G E N E R A T O R
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N O T E •

The seal between the tumb l er and e lu t r ia t or need not be air t igh t . In f a c t , a small leakat this fitting wil l reduce the chance that par t i c l e s d i s charged f r o m the tumbler wi l ls e t t l e in the entrance tube to the elutriator. However, such a leak must not be morethan 10% of the total a i r f l o w through the tumbler.

Once the tumbler has been detached from the motor and elutriator, it can s imply be lifted outof the constant humidi ty chamber.
The top cover of the tumbler is secured with 10 screws and can be removed so that thetumbler can be loaded or cleaned (Figure A-4). A rubber gasket is employed to assure ana i r t i g h t seal between the tumbler cover and body.

A.1.2 The Constant H u m i d i t y Chamber
The p l a s t i c enclosure that houses the tumbl er and i so late s it f r om outside air, except for ano p e n i n g at the top front of the enclosure, is designed as a constant humidi ty chamber( F i g u r e s A-2 and A-3). Air drawn into the front of the enclosure f l o w s successively over twotrays (located on shelves at the top of the enclosure) be fore being drawn into the tumbler.The trays are designed to hold a saturated salt so lu t ion that is selected to exhibit a vaporpressure equal to the relative humidity desired for running the dust generator. The pathl eng th over the two trays is des igned to assure that air drawn through the device will come toequi l ibr ium at a relative humidi ty within a few percent of the desired value (assuming that theoutside air exhibits a starting humidity within the range common to Pasadena, C a l i f o r n i a 1 ) ;the path length must be s u f f i c i e n t to allow adequate exchange of vapor between the saltso lut ion and the moving air.
For most studies, a relative humidity of approx imate ly 50% should be employed because thisis the humidi ty at which emission of asbestos is expected to be maximum (Zimon, A.D. 1982).At higher humidit ie s , air moisture tends to wet surface s so that aggregat ion decreases par t i c l erelease. At lower humidit ie s , electrostatic e f f e c t s tend also to cause aggregat ion and,there fore , also to decrease emissions. A saturated solution of potassium carbonate dihydrateis recommended for most a p p l i c a t i o n s because such a solution maintains equil ibrium with airat 43% relative humidi ty at room temperature (20° C) with less than 1% change in humid i tyover a range of temperatures varying by several degrees on either side of room temperature.
For special a p p l i c a t i o n s of this method, where dust generation is to be run at a differentrelative humidi ty than that produced over a saturated solution of potassium carbonatedihydrate, the conditioning pans in the dust generator may be filled with a saturated solutionof another salt. Such salts may be selected to y i e l d any of a broad range of conditions. Forexample , the Internat ional Critical T a b l e s provide s a li s t of saturated salt so lut ions thatmaintain equilibrium with a broad range of relative humidit ie s in air.

1 The pro t o type device w«« constructed and tested in Pasadena. The des ign of the constant h u m i d H y chamber may
have to be modi f i ed s l i g h t l y (e.g. by increasing the number of trays) for operation in other locales.



A.1.3 The Ver t i ca l Elu tr ia tor
The vertical e lu tr iator is the tall metal c y l i n d e r v i s i b l e in F i g u r e A-2. Its dimensions wereselected to assure that the pa th l e n g t h traversed by p a r t i c l e s in the e lu tr ia tor is at least 10times the diameter of the e lu tr ia tor (in the d ire c t i on p e r p e n d i c u l a r to the air f l o w ) . T h u s ,channel ing is expected to be minimized (Dennis, R 1976).
The e lutr iator separates re sp irable f rom non-respirable par t i c l e s and re sp irab l e par t i c l e s arepassed on to dust col lec t ion f i l t e r s and the scrubber. Air f l o w within the elutriator is a d j u s t e dto a velocity such that only those par t i c l e s in the respirable size range will be lifted to the top.The velocity of air selected for the e lutr iator determines the rate of air f l o w through all of theother parts of the dust generator.
The main body of the e lutriator is composed of two, 20 in. sections of 4-in. i.d. s tainles s steeltub ing with a taper ed , o-ring f l a n g e welded to each end of each tube (Figure A-5a and b).T h e s e f l a n g e s a l low the two halves of the main body to be connected to each other and tothe top and bottom assemblies of the e lu tr iator using quick-release, pressure c lamps (FigureA-5a).
The entrance tube to the e lu tr ia tor ( f r o m the t u m b l e r ) is pointed.downward at its exit point inthe bottom of the e lutriator ( F i g u r e s A-1 and A-5b). This geometry was selected to preventintroduct ion of a large concentration of par t i c l e s into the bottom center of the elutriator. T h i sgeometry should also promote a f l a t t e r velocity p r o f i l e in the air travel ing up the elutriator. Itis expected that re spirable par t i c l e s will make the upward turn because the taper at thebottom of the e lu tr iator promotes a higher veloci ty p r o f i l e at this location than in the mainbody of the e lutriator (where the air velocity is jus t s u f f i c i e n t to lift par t i c l e s in the re sp irablesize range but no larger).
The bottom assembly of the e lu tr ia tor has also been de s igned to al low the removal of coarsepar t i c l e s whi l e assuring that re spirable par t i c l e s remain in the e lu tr ia tor air stream (Figure A-6aand b). T h i s is to minimize b u i l d u p of a zone at the bottom of the elutriator of a highconcentration of coarse par t i c l e s through which re spirable part ic l e s would have to passbefore moving up the elutriator to the dust co l l e c t i on system. T h u s , it is expected thatco l l i s ions between respirable part i c l e s and coarse part i c l e s (with subsequent loss ofrespirable par t i c l e s due to aggrega t i on) are minimized.
An opening at the bottom of the e lutriator al lows coarse par t i c l e s to pass into a removable,glass cup ( F i g u r e s A-1 and A-6a and b). The g la s s cup has a small side arm that isconnected to a two ft. piece of one quarter in. i.d. T y g o n tubing. The far end of the T y g o ntube is open to the air. It has been f o u n d that, as l ong the T y g o n tube is not crimped orotherwise blocked, air drawn through this tube is ju s t s u f f i c i e n t to prevent respirable p a r t i c l e sf rom pas s ing through the bottom opening of the dust generator into the g las s cup whileal lowing larger part i c l e s to do so.
There are f o u r openings where air may exit f rom the top assembly of the elutriator { F i g u r e sA-1 and A-7a and b). The two side openings lead into the scrubber (described below). Thetwo top openings lead into the air filter cassettes of the dust co l l ec t ion system through twodifferent pa th s ; one draws air i s ok ine t i ca l ly f r o m the uni f orm port ion of the e lutriator through along, thin-walled tube and the other draws air f r om the t op , tapered part of the e f u t r i a t o r( F i g u r e s A-1 and A-7a and b). For ease of reference, the o p e n j n g in the e lu tr iator that draws
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air t hrough the i sokinetic s a m p l i n g tube Is l ab e l ed the "1ST open ing in th i s document. Theopen ing that draws air f r o m the top of the main body of the elutriator is labeled the "ME"opening. The dust c o l l e c t i o n system mounted over both of the top o p e n i n g s of the e lutr iatoris described below.
A.1.4 The Dust C o l l e c t i o n Sys t em

The dust c o l l e c t i on system consists of two mounts for filter cassettes we lded to each of twos l i d i n g mechanisms, which in turn are mounted d ir e c t ly over the exit op en ing s of the topassembly of the vertical e lu tr iator (Figure A-8a and b). An underside view of the tapered toppiece of the elutriator was also shown in F i g u r e A-7a in which the isokinetic s a m p l i n g tube isvisible.
The s l i d i n g mechanisms permit the filter cassettes a l igned over the ME and the 1ST openingsof the elutriator, respectively, to be changed with minimal disturbance of the air f l o w ; at eitherof the two extreme pos i t ions in the travel of each s l i d e mechanism, one of the two cassettemounts are a l igned over the corre sponding exit op en ing of the e l u t r i a t o r and the other ise f f e c t i v e l y isolated f rom the air f low. Details of the s l i d i n g mechanisms and filter mounts areshown in F i g u r e s A-7b and A-8a and b. .

NOTE *
The s l i d e s are sealed against the e l u t r i a t o r with o-rings. The s e must be inspec t edper i od i ca l ly for wear and replaced if worn.

The d e s i g n of the filter mounts in the dust c o l l e c t i on system proved to be important to theperformance of the dust generator; it is critical that these mounts be leak tight. The designthat was u l t i m a t e l y adop t ed is d e p i c t e d in F i g u r e A-9a and b. The filter mounts each consistof a tapered aluminum base that is g lued to the bottom h a l f of a commerc ial ly available filtercassette.
The aluminum base of a filter mount is sealed in each of the open ings of the s l i d emechanisms with the o-rings that are visible in F i g u r e A-7b. The bottom hal f of the p la s t i c ,25 mm fitter cassette is glued into the inside taper of the aluminum base. Filters are mountedin the traditional manner between the top and bottom halves of the p l a s t i c filter cassette,which are then pressure sealed. To fur th er assure a good seal, pressure tape is also a p p l i e d. to the outside of each filter cassette at the seam where the f i l t e r s are mounted.

A.1.5 The Scrubber
The scrubber, which can be seen s i t t ing on the table to the right of the main body of the dustgenerator in Rgure A-2, is constructed f r om ordinary laboratory glassware. In the scrubber,water is boi led in the bottom of a 1 li ter, round bottom f l a s k (shown seated within a heatingmantle). A straight-jacketed, cold-water condenser is incorporated along the entrance line tothe scrubber and a spiral condenser is incorporated a l o n g the exit line f rom the scrubber. Animmersion p u m p circulates water between a cooler containing a water-ice mix and thecondensers. Water f l o w i n g into the condensers is maintained at approximate ly 0° C toprevent moisture f r om leaving the scrubber.
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Part i c l e s in the air stream entering the scrubber serve as nucleat ion centers around which thesteam in the scrubber condenses. The r e s u l t i n g water d r o p l e t s eventual ly fall back into thewater reservoir at the bottom of the scrubber so that the t r a p p e d p a r t i c l e s are c o l l e c t ed in thisreservoir.
A f l o w m e t e r and a filter cassette are also p lac ed in the air f l o w l ine that exits the scrubber(between the scrubber and the vacuum p u m p ) . The primary reason for i n c l u d i n g the filtercassette is to make the pressure drop through th i s pa th approx imat e ly equal to the pressuredrop through the other filter cassettes mounted on top of the elutriator (the dust c o l l e c t i o nsystem). The pressure drop through the e lu tr ia tor and scrubber is small enough not to affectthe f lowmeter-operat ion.

A.1.6 The C o n f i g u r a t i o n of Air T r a n s f e r Lines
A schematic i n d i c a t i n g the c on f igura t i on of air t ran s f e r l ine s l e a d i n g to and f r o m the scrubberis presented in F i g u r e A-10. As indicated in the f i g u r e , the two s ide exits f r om the elutriatorare each attached to one ft sections of 1.00 in. i.d. T y g o n tubing, which then j o i n at a glas sT connector. The stem end of the T connector is attached (with a one ft section of 1.00 in.i.d. T y g o n t u b i n g ) to a diameter reducing piece of g la s s that f e e d s into the entrancecondenser to the scrubber through a rubber s t opper . The large tub ing is held in p lace atconnections by ring c lamps ( F i g u r e A-2).

»
A l s o as indicated in F i g u r e s A-10 and A-2, the exit condenser of the scrubber is connected toa f l o w control valve with 0.25 in. i.d. T y g o n tub ing. The exit side of the f l o w control valve isconnected f i r s t to a 25 mm fitter cassette and then to a vacuum pump. Both of theseconnections also use 0.25 in. i.d. T y g o n tubing.
A schematic ind i ca t ing the c on f igura t i on of air t ran s f e r lines l e a d i n g f r om the fitter cassettemounts of the dust co l l ec t ion system is d ep i c t ed in F i g u r e A-11. A p h o t o g r a p h of the t rans f erline connections is also presented in F i g u r e A-12. As indicated in the f i g u r e s , a 0.25 in. i.d.T y g o n line l eads f rom the exit s ide of each filter cassette to a p la s t i c , s top cock valve.Another T y g o n l ine then l ead s f rom each valve to one of two p l a s t i c T" connectors so thatthe pair of filter cassettes mounted on the s l i d e mechanism over the 1ST open ing of theelutriator are j o in ed (beyond the s t op cock valves) and the pair of filter cassettes mounted onthe s l i d e mechanism over the ME opening are also j o in ed (beyond the s top cock valves).The common line from the exit side of each T" connector is then connected f i r s t to af l owcontro l valve and then to a vacuum pump. All such connections use 0.025 in. i.d. T y g o ntubing. .

N O T E
T h i s is the c o n f i g u r a t i o n of air t ran s f e r lines that is a p p r o p r i a t e dur ing the operation ofthe dust generator. The c o n f i g u r a t i o n that is a p p r o p r i a t e during calibration of air f l o wis discussed in Sec t i on 9.3.4 of the main text.

As indicated previously, the side arm on the bottom cup of the elutriator is connected to atwo ft section of 0.25 in. i.d. T y g o n tub ing that is s i m p l y allowed to hang free (Figure A-6a).
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A.2 T H E O R Y OF OPERATION
A.2.1 The Dynamics of Dust Generation

The dynamics of the release of dust f rom a sample during a run using the dust generatorhave been evaluated so that the rate of release and mass of dust in the sample can bederived from measurements of the mass of dust depos i t ed over time on the set of filtersco l l ec t ed over the ME opening of the elutriator. Analys i s of data obtained from severaldifferent type s of samples during the p i l o t s tudy for this method (Berman et al., 1994)indicate that the rate of release of mass f r om a s a m p l e in the dust generator is well describedby a f i r s t -order rate equation:

-dMg/dt = k*Ms ' ' (A-1)
where: M s is the mass of re sp irable dust remaining in the s a m p l e at time T(g);

t is the time since the start of the run (s); and
k is the f irs t-order rate constant for the release (s*1). .

The minus sign in this equation indicates that mass is lost with time.
Equation A-1 can be integrated to yie ld:

= ln(M J - kt . (A-2)
where:. ' M0 is the mass of respirable dust in the sample at the start of therun (i.e. at time t = 0) (g).

Given that "Ms" can also be expressed as the d i f f e r e n c e between "M0" and'"Mr" the cumulativemass released up to time "t," Equation A-2 can also be expressed as:

1n(M0 - Mr) = to(M J -kt (A-3)
where: Mr is the cumulative mass released between the start of a run andtime T (g).

The relationship presented in Equation A-3 indicates that a p lo t of the natural logarithm of thequantity (M0 -Mr) versus time should be a s traight l ine with a s l ope equal to the rate constantfor dust release, k, and an intercept equal to the initial mass of dust in the sample at the start
A.1 a



of the run, M0. The cumulat ive mass of dust released f r o m the s a m p l e over time, Mr, can bederived f r o m measurements of dust co l l e c t ed on f i l t e r s dur ing the run. However, because M0also appear s as part of one of the parameters that must be p l o t t e d to evaluate ther e la t i on sh ip expressed in Equation A-3, the value of M0 must be optimized using regression,as described in S e c t i o n 11.2 of the main text of thi s method.
The cumulative mass released f r o m a s a m p l e at time T dur ing a run, "Mr" is d i r e c t l yp r o p o r t i o n a l to the cumulat ive mass measured on filters c o l l e c t ed dur ing the run:

M r = M f *(F s + F d + F^ (A-4)
where: M f i s the cumulat ive mass measured on f i l ters c o l l e c t ed f r om f i l tersmounted over the top of the elutriator up to time T (g);

F s i s the rate of a i r f l ow t hrough the scrubber (cm 3 / s);
F d i s the rate of a i r f l o w through the 1ST o p e n i n g of the e lutriator(cm 3 / s); and
F c is the rate of a i r f l ow through the ME opening of the elutriator( c m 3 / s ) . .

Because F s and F c wil l t y p i c a l l y have been set to 0.48*Vy and F d wi l l t y p i c a l l y have been setto 0.047*VV dur ing the in i t i a l s e t u p of the dust generator (see Sec t i on 9.3.4), for mosta p p l i c a t i o n s , Equation A-4 reduces to:

M r = 2.1*M, (A-5)

As indicated above, values for M0 must be derived by p e r f o r m i n g a regression analysis of ther e l a t i o n s h i p described by Equation A-3. T h i s can be a c compl i sh ed by using any of severalcommercial ly available spreadsheet programs (such as , for example , LOTUS™).. Theprocedure to be f o l l o w e d to derive estimates of M0 and k are described in Sect ion 11.2.
A.2.2 The Time Dependence of Dust C o l l e c t i o n ;

As indicated in Sec t i on A.2.1 above, the generation of dust f r o m the tumbler is well describedby the f i r s t order rate equation:

However, experience gained dur ing the p i l o t s tudy for this method (Berman et al. 1994)f u r t h e r indicate s that the rate of change of M s is s u f f i c i e n t l y slow in most cases such that, forper i od s of no more than 5 to 10 minutes, M s can be considered constant. T h u s , for
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"„.,.... ....... a _ .. ......-,- __ .... ...... ._,,-...— - . _ ..._...___. ..... .- „-..-._„.. _s i m p l e r f o r m of Equation A-1 can be used (in which M s is considered constant):

= k*M s*At (A-6)
where: Ms is still the mass of respirable dust remaining in the sample attime T but it is assumed constant over the short interval of time" A t " ( g ) ;"

AMS is the mass of r e s p i rab l e dust released f r om the s a m p l e over theshort time interval "At" (g);

At is a r e la t ive ly short time interval (no more than ten minute s)dur ing which the release of dust is being e s t imated (s); and
k is still the f i r s t - o r d e r rate constant for the release (s*1).

Based on Equation A-6, the mass of r e sp i rab l e dust d epo s i t ed on a filter in the dustgenerator, call this AM f , i s s i m p l y the product o f the dust released f r om the s ampl e , AM S , andthe f r a c t i o n of the f l o w t hrough the dust generator that is also directed through that filter.T h u s , for f i l t e r s c o l l e c t ed over the i sokinet ic s a m p l i n g tube (the 1ST open ing of the e lu t r ia tor):

AM, = 0.047* k*M s*At (A-7)
*

or for f i l t e r s co l l ec ted over the ME opening of the elutriator:

AM, = 0.48* k*M s *At . (A-8)

The correct value for Ms to be used with Equations A-7 and A-8 is the value estimated by there la t ionsh ip provided in Equation A-2 of Section A.2.1 where the T in Equation A-2 is thetime that has e laps ed f r o m the b eg inning of the run to the start of the interval of interest, "At" .

N O T E
In der iv ing Equations A-7 and A-8, it was assumed that air f l o w within the dustgenerator was s e tup as described in Sec t i on 9.3.4.



A.2.3 Size Separat ion Using the Vertical Elutriator
Separat ion of the respirable frac t ion of a part i culate matrix can be accompli shed by exp l o i t ingd i f f e r e n c e s in the s e t t l ing velocities of part ic l e s of d i f f e r e n t sizes when such partic le s aresuspended in either a liquid or gaseous medium. However, air was selected as the mediuminto which sample s would be suspended in this method to avoid changes in thecharacteristics of asbestos that t y p i c a l l y occur when asbestos sample s are placed in water.The force on a part ic le su spended in a moving fluid is1 given by Stoke's Law ( F u c h s , N.A.1 964). When such a part i c l e is suspended in a fluid that is moving upward such that theforce of the f l u i d and the force of gravity on the part i c l e jus t balance and the part i c l e remainsmotionless , Stoke' s Law indicates that the f o l l o w i n g r e la t i on sh ip holds:

4/3*n*r3*d*g = -6*ji*n*r*V, (A-9)
where: r is the radius of the p a r t i c l e (cm);

d is the dens i ty of the par t i c l e ( g / c m 3 ) ;
g is the acceleration due to gravity (cm/s 2 );
r\ is the dynamic viscosity of the fluid ( g / c m * s ) ; and
V| is the l inear veloci ty of the fluid (cm/s).

The velocity estimated in Equation A-9 is termed the Stoke's veloci ty, V s .
By sub s t i t u t ing the viscosity of air at room t empera ture (i.e. 20° C) and the acceleration dueto gravity into Equation A-9, the value of the Stoke's ve loc i ty of a p a r t i c l e is e s t imated asf o l l o w s :

V s = 1 . 1 S - M u d ' ( A - 1 0 )

where Y is the radius of the par t i c l e and "d" is the dens i ty of the particle. Because respirableparticles are general ly d e f i n e d as those exhibi t ing an "aerodynamic equivalent diameter" of10 j im, where an aerodynamic equivalent diameter is the diameter of a particle of unit densitythat settles at the same rate as the part ic le of interest, Equation A-10 can be used to f i n d theStoke's velocity of the largest respirable part ic l e s in the elutriator (i.e. by substi tuting a radiusof 5 pm and assuming a density of 1):

VR = 0.295 cm/s

It is well documented that the size distribution of asbestos structures in a sample change when such a sample isp laced in water. For an overview of such documentation, see Befman and C h a t f i e l d (1990). T y p i c a l l y , the number of
small f i b e r s and b u n d l e s increases and the number and c o m p l e x i t y of clusters and matrices decrease when asbestossamples are placed in water.



The Stoke's ve loc i ty for a p a r t i c l e i s also equal to the veloci ty of the f l u i d stream that wil l j u s thold a p a r t i c l e mot ionle s s against gravity. Because the goal of the dust generator is tocapture all part ic l e s that are p o t e n t i a l l y respirable, the velocity of air within the elutriatorshould be set so that it is ju s t s l i g h t l y larger (i.e.. by 5%) than the Stoke's velocity estimatedabove (for the larges t r e sp irab l e p a r t i c l e s ) so that all r e sp irab l e par t i c l e s entering the e lutriatorwil l be impar t ed with an upward velocity and wi l l be carried along with the air stream so thatthey are, u l t imate ly , either depo s i t ed on a filter or passed into the scrubber. T h e r e f o r e ,a i r f l o w within the dust generator should be set so that the veloci ty of air within the verticale lutr iator is 5% greater than 0.295:

V, = 0.31 cm/s.

A . 3 D U S T G E N E R A T O R P R O T O T Y P E D E S I G N F I G U R E S A N D C O N S T R U C T I O N
G U I D E L I N E S

The f i g u r e s of the p r o t o t y p e dust generator that are inc luded in this package are intended tobe sugges t ive and not meant to be f o l l o w e d in exact de ta i l . However, the dimensions of thevarious cross-sectional areas of d i f f e r e n t parts of the dust generator, which a f f e c t the relativeair f l o w s in various places , need to be f o l l o w e d closely for the dust generator to per form asintended. Other d e s ign f ea tur e s , such as c o u p l i n g s , c lamps , and seals are intended more tobe i l l u s t r a t i v e ; al t ernate d e s ign s can be e q u a l l y e f f e c t i v e .
In spi te of the low pressure d i f f e r e n t i a l s developed during operation in the proto type,per f ormance was f o u n d to be very sensitive to l eaks , e s p e c i a l l y leaks occurring in thei sokinet ic s a m p l e r f i l ter mounts. Design f ea ture s associated with the dust co l l e c t i on systemshould th e r e f o r e be s e lec ted so as to minimize the potent ial for leaks in this area. The airf l o w path in the e lutr iator of any dust generator that is constructed for use with this methodshould be tested for leaks when construction is c o m p l e t e d and p e r i o d i c a l l y thereaf ter.
So that dust generator equipment constructed for use with this method will p e r f o rmadequa t e ly , the f o l l o w i n g requirements must be incorporated into its de s ign:

• the tumbler must be de s igned to hold a minimum of approx imat e ly 100 g ofsample (with ample space left over to allow adequate tumbl ing) so that f i e l dhomogenization requirements are not compromised. It should also bedes igned to assure a reasonably long p a t h l e n g t h over which air passesthrough the sampl e and b a f f l e s (or square corners) should be incorporated toassure adequate t u m b l i n g action and thorough mixing of sample and air;
• the p a t h l e n g t h of the e lu tr ia tor should be a minimum of 10 times its diameter tominimize the po s s i b i l i ty of channeling and the diameter should be large enoughto assure a cross-sectional area that is at least 10 times that of the tumbler.This la t t er requirement is to assure adequate air f l o w in the tumbler that wille f f e c t e f f i c i e n t t ran s f e r of sampl e while f l o w throughout the device is l imi t ed toal low f l o w in the elutriator to be set at 1.05 times the s e t t l i n g veloci ty of thelargest r e sp irab l e par t i c l e of interes t;
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• the entrance tube and bottom of the e lu t r ia t or should be shaped so thats u f f i c i e n t air velocities are maintained in this part of the device to assure asmooth transi t ion (with e f f i c i e n t s ample t r a n s f e r ) between f l o w in the tumblerand f l o w in the e lu tr ia tor . It is also recommended that the entrance tube to theelutriator be pointed downward as a f u r t h e r hindrance to channeling in thee lu tr ia tor; and
• filter mounts in the dust col lec t ion system need to allow for ready, f a c i l eexchange of f i l t e r s while minimizing the po t ent ia l for air leaks in this area. Am o d i f i c a t i o n incorporated into the p r o t o t y p e device to achieve both" requirements was to design aluminum mounts that are tapered such that theshaved bottom hal f of commercially available filter cassettes fit snugly and canbe glued in p l a c e (to prevent air leaks at this j o i n t ) . The s e can then be f i t t e dwith f i l t e r s and j o i n e d to the matching top halves of commercial ly availablecassettes. This f ea ture takes good advantage of the fit between the two p la s t i chalves of a commercial filter cassette, which are d e s igned to j o in with minimall eakage while a l l o w i n g for rapid exchange of f i l t e r s . The bottom half of thealuminum filter mounts are sealed into the s l i d e mechanisms on the pro to typeapparatus with o-rings.

The f o l l o w i n g f i g u r e s are inc luded in this package:
, " *

• F i g u r e A-13 indicate s the overall as sembly of the p r o t o t y p e dust generator;
• F i g u r e A-14 indicates the de ta i l s of the pro to type tumbler assembly;
• F i g u r e A-15 indicate s the d e t a i l s of the p r o t o t y p e vertical e lu t r ia t or;
• Figure A-16 is a vertical cross-section of the top of the p r o t o t y p e verticale lu tr ia tor i n d i c a t i n g the r e l a t i o n s h i p between the e lu tr ia tor open ing s , theisokinetic s a m p l i n g tube, and the s l id e mechanisms of the dust collectionsystem;
• F i g u r e A-17 indicates the de ta i l s of the isokinetic s ampl ing tube;
• F i g u r e A-18 indicate s the d e ta i l s of the p r o t o t y p e s l i d e mechanism of the dustcollection assembly; and
• F i g u r e A-19 indicate s the d e ta i l s of the p r o t o t y p e filter cassette mounts.
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F O R E W O R D
N e a r l y every p h a s e o f e n v i r o n m e n t a l p r o t e c t i o n d e p e n d s on a c a p a b i l i t y t oi d e n t i f y a n d measure s p e c i f i c p o l l u t a n t s i n t h e e n v i r o n m e n t . A s par t o ft h i s L a b o r a t o r y ' s re search o n t h e occurrence, movement, t r a n s f o r m a t i o n ,i m p a c t , a n d control o f e n v i r o n m e n t a l c o n t a m i n a n t s , t h e A n a l y t i c a l C h e m i s t r yBranch d e v e l o p s and a s s e s s e s new t e c h n i q u e s f o r i d e n t i f y i n g and m e a s u r i n gc h e m i c a l c o n s t i t u e n t s o f water and s o i l .

A 3-year s t u d y was conducted to d e v e l o p improvements in the a n a l y t i c a lmethod f o r d e t e r m i n a t i o n o f a s b e s t o s f i b e r c o n c e n t r a t i o n s i n water s a m p l e s .T h e research p r o d u c e d a n improved s a m p l e p r e p a r a t i o n a n d a n a l y s i s method-o l o g y , a r a p i d s c r e e n i n g t e chn ique to reduce a n a l y s i s c o s t , and a newr e f e r e n c e a n a l y t i c a l me thod f o r a s b e s t o s i n water. T h e a n a l y t i c a l methodfor d e t e r m i n i n g a sbe s to s f i b e r s in water i s p e r c e iv ed as r e p r e s e n t i n g thecurrent s t a t e - o f - t h e - a r t .
W i l l i a m T . D o n a l d s o nA c t i n g D i r e c t o rE n v i r o n m e n t a l Research Labora toryA t h e n s , G e o r g i a
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P R E F A C E
T h e P r e l i m i n a r y I n t e r i m M e t h o d f o r O e t e r m i n i n g A s c e s t o s i n W a t e r w a si s s u e d b y t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ' s E n v i r o n m e n t a l ResearchL a b o r a t o r y in A t h e n s , G e o r g i a . The method was based on f i l t r a t i o n o f thewater s a m p l e t h r o u g h a sub-micrometer pore s i z e membrane f i l t e r , f o l l o w e d b yp r e p a r a t i o n o f t h e f i l t e r f o r d irec t e x a m i n a t i o n and c o u n t i n g o f t h e f i b e r sin a t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e . Two a l t e r n a t i v e t e c h n i q u e s weres p e c i f i e d : one in which a c e l l u l o s e es ter f i l t e r was p r e p a r e d by d i s s o l u t i o nin a c o n d e n s a t i o n washer; and ano ther known as the carbon-coated N u c l e o o r e "t e chn ique which used a p o l y c a r b o n a t e f i l t e r . In J a n u a r y I 9 6 0 th e method wasr e v i s e d ( E P A - 6 0 0 / 4 - 8 0 - 0 0 5 ) to e l i m i n a t e the c o n d e n s a t i o n washer ^.poroach, anda s u g g e s t e d s t a t i s t i c a l t r e a t m e n t o f t h e f i b e r count d a t a wa s i n c o r p o r a t e d .
The a n a l y t i c a l me thod p u b l i s h e d here i s a f u r t h e r r e f i n e m e n t o f t h erev i s ed i n t e r i m m e t h o d . M a j o r a d d i t i o n s i n c l u d e t h e i n t r o d u c t i o n o fo z o n e - u l t r a v i o l e t l i g h t o x i d a t i o n p r i o r t o f i l t r a t i o n , c o m p l e t e s p e c i f i c a t i o no f t e chn ique s t o b e used f or f i b e r i d e n t i f i c a t i o n . a n d f i b e r c o u n t i n g ru l e s ,and i n c o r p o r a t i o n o f r e f e r e n c e s t a n d a r d d i s p e r s i o n s . A s t a n d a r d i z e dr e p o r t i n g f o rmat ha s a l s o been i n t r o d u c e d . The m a j o r d e l e t i o n i s t h e low-t e m p e r a t u r e a s h i n g t e c h n i q u e f o r s a m p l e s h i g h i n o r g a n i c m a t e r i a l c o n t e n t ;a s h i n g i s not required for the a n a l y s i s o f d r i n k i n g water and d r i n k i n g waters u p p l i e s when s a m p l e s a r e t r e a t e d u s i n g the- o z o n e - u l t r a v i o l e t o x i d a t i o nt e c h n i q u e . T h e " f i e l d - o f - v i e w " a p p r o a c h f o r e x a m i n a t i o n a l s o h a s beend e l e t e d f r o m t h e m e t h o d . I f a s a m p l e i s t o o h e a v i l y l o a d e d f o r e x a m i n a t i o nof e n t i r e g r i d o p e n i n g s , a more r e l i a b l e r e s u l t i s o b t a i n e d by p r e p a r a t i o n o fa new f i l t e r u s i n g a s m a l l e r vo lume o f water.
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A B S T R A C T
A n a n a l y t i c a l me thod f o r measurement o f a s b e s t o s f i b e r c o n c e n t r a t i o n i nwat er s a m p l e s i s d e s c r i b e d . I n i t i a l l y , t h e wat er s a m p l e i s t r e a t e d w i t hozone g a s a n d u l t r a v i o l e t l i g h t t o o x i d i z e s u s p e n d e d o r g a n i c m a t e r i a l s . T h ewater s a m p l e i s then f i l t e r e d t h r o u g h a O.I urn pore s i z e c a p i l l a r y - p o r ep o l y c a r b o n a t e f i l t e r , a f t e r wh i ch t h e f i l t e r i s p r e p a r e d b y carbon e x t r a c t i o nr e p l i c a t i o n f o r e x a m i n a t i o n i n a t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e ( T E M ) .F i b e r s a r e c l a s s i f i e d u s i n g s e l e c t e d area e l e c t r o n d i f f r a c t i o n ( S A E D ) a n denergy d i s p e r s i v e X - r a y a n a l y s i s ( E D X A ) . Measurement o f c h a r a c t e r i s t i cf e a t u r e s o n * recorded a n d c a l i b r a t e d S A E D p a t t e r n i s s p e c i f i e d f o r p r e c i s ei d e n t i f i c a t i o n o f c h r y s o t i l e . Q u a n t i t a t i v e d e t e r m i n a t i o n o f t h e c h e m i c a lc o m p o s i t i o n , and q u a n t i t a t i v e i n t e r p r e t a t i o n o f a t l e a s t one c a l i b r a t e d zonea x i s S A E D p a t t e r n a r e s p e c i f i e d f o r p r e c i s e i d e n t i f i c a t i o n o f a m p h i b o l e .A m p h i b o l e i d e n t i f i c a t i o n p r o c e d u r e s a n d g e n e r a t i o n o f t h e s t a n d a r d r e p o r t i n gf o r m a t s p e c i f i e d f o r t h e f i b e r count r e s u l t s a r e a ch i ev ed u s i n g t w o c o m p u t e rp r o g r a m s w h i c h ar t i n t e g r a l t o th e a n a l y t i c a l m e t h o d .
T h i s a n a l y t i c a l method i s a f u r t h e r d e v e l o p m e n t o f t h e i n t e r i m methodi s s u e d in 1980, and i n c o r p o r a t e s r e s u l t s o f re s earch p e r f o r m e d under C o n t r a c t68-03-2717 under s p o n s o r s h i p o f t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y .T h i s report covers a p e r i o d f r o m Oc tob e r 1 9 7 8 t o S e p t e m b e r 1 9 8 1 a n d ' ' t h e workwas c o m p l e t e d as of S e p t e m b e r 1981.
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A N A L Y T I C A L M E T H O D F O R D E T E R M I N A T I O N O F A S B E S T O S F I B E R S I N W A T E R
1 . S C O P E A N D A P P L I C A T I O N

1 . 1 T h i s method i s a p p l i c a b l e t o d r i n k i n g water a n d d r i n k i n g waters u p p l i e s , and s h o u l d b e used when the best a v a i l a b l e a n a l y t i c a lpro c edur e I s required.
1.2 The method d e t e r m i n e s the numeri ca l c o n c e n t r a t i o n of a s b e s t o sf i b e r s , th e l e n g t h and w i d t h o f each f i b e r , and the e s t i m a t e d massc o n c e n t r a t i o n of a s b e s t o s in the water. F i b e r s.ize and a s p e c tr a t i o d i s t r i b u t i o n s a r e a l s o d e t e r m i n e d .
1 . 3 T h e method p e r m i t s , i f r e q u i r e d , i d e n t i f i c a t i o n o f a l l m i n e r a lf i b e r s f o u n d in water. In p a r t i c u l a r , c h r y s o t i l e can b ed i s t i n g u i s h e d f r o m t h e a m p h i b o l e s , a n d f i b e r s o f s p e c i f i ca m p h i b o l e s can be i d e n t i f i e d .
1 . 4 T h e a n a l y t i c a l s e n s i t i v i t y w h i c h c a n b e a ch i ev ed d e p e n d s p r i m a r i l yon the amount of o ther p a r t i c u l a t e m a t t e r wh i ch i s p r e s e n t in thes a m p l e . T h i s l i m i t s t h e p r o p o r t i o n o f t h e s a m p l e wh i ch c a n b emounted f o r e x a m i n a t i o n i n t h e e l e c t r o n m i c r o s c o p e . I n d r i n k i n qwater wh i ch meet s t h e A W W A t u r b i d i t y c r i t e r i o n o f 0 . 1 N T ' J , a na s b e s t o s c o n c e n t r a t i o n o f 0.01 m i l l i o n f i b e r s p e r l i t e r ( M F L ) c a nb e d e t e c t e d . T h e c o n t a m i n a t i o n l e v e l i n t h e l a b o r a t o r y env i ronmen tm a y d e g r a d e t h e s e n s i t i v i t y . T h e a n a l y t i c a l s e n s i t i v i t y f o r t h ed e t e r m i n a t i o n o f mass c o n c e n t r a t i o n i s a f u n c t i o n o f th e p r e c e d i n gp a r a m e t e r s and a l s o d e p e n d s on the s i r e d i s t r i b u t i o n o f thef i b e r s . I n l o w t u r b i d i t y d r i n k i n g water t h e a n a l y t i c a l s e n s i t i v i t yi s u s u a l l y o f t h e order o f 0 . 1 nanogram p e r l i t e r ( n g / L ) .
1 .5 It i s beyond th e s c op e o f t h i s document t o p r o v i d e d e t a i l e di n s t r u c t i o n i n e l e c t r o n m i c r o s c o p y , e l e c t r o n d i f f r a c t i o n ,c r y s t a l l o g r a p h y o r X-ray f l u o r e s c e n c e t e c h n i q u e s . I t I s assumedt h a t t h o s e p e r f o r m i n g t h i s a n a l y s i s w i l l b e s u f f i c i e n t l yk n o w l e d g e a b l e i n t h e s e f i e l d s t o u n d e r s t a n d t h e s o e c i a l i z e dt e c h n i q u e s i n v o l v e d .

2. SUMMARY OF METHOD
W a t e r c o l l e c t e d i n a p o l y e t h y l e n e o r g l a s s c o n t a i n e r i s t r e a t e d w i t hozone a n d u l t r a v i o l e t l i g h t t o o x i d i z e o r g a n i c m a t t e r . A f t e r m i l du l t r a s o u n d t r e a t m e n t t o d i s o e r s e t h e f i b e r s u n i f o r m l y , a known v o l u m e o fthe water i s f i l t e r e d t h r o u g h a 0.1 .nic-ometer ( u r n ) pore s i z eN u c l e o o r e " p o l y c a r b o n a t e f i l t e r . A carbon c o a t i n g i s th en a o o l i e d i n



vacuum to the ac t ive sur fac e of the f i l t e r . The carbon layer coat s andr e t a i n s 1n p o s i t i o n th e m a t e r i a l w h i c h ha s been c o l l e c t e d on th e f i l t e rs u r f a c e . A s m a l l p o r t i o n of the carbon-coated f i l t e r 1s p l a c e d on ane l e c t r o n micro s cope grid and the p o l y c a r b o n a t e f i l t e r matenal i s removedb y d i s s o l u t i o n 1 n a n organi c s o l v e n t . T h e carbon f i l m c o n t a i n i n g t h eo r i g i n a l p a r t i c u l a t e , s u p p o r t e d on t h e e l e c t r o n m i c r o s c o p e g r i d , 1 s t h enexamined I n a t r a n s m i s s i o n e l e c t ron mi cro s c ope ( T E M ) a t a m a g n i f i c a t i o no f about 20,000. I n t h e T E M , s e l e c t e d area e l e c t r on d i f f r a c t i o n ( S A E O )1s used to examine the crys ta l s t r u c t u r e of a f i b e r , and Us e l e m e n t a lc o m p o s i t i o n 1 s de t ermined by energy d i s p e r s i v e X-ray a n a l y s i s (EDXA).
F i b e r s are c l a s s i f i e d a c cord ing to the t e chn ique s whi ch have been used toi d e n t i f y them. A s i m p l e code 1s used to record for each f i b e r the degreet o which t h e i d e n t i f i c a t i o n a t t e m p t w a s s u c c e s s f u l . T h e f i b e rc l a s s i f i c a t i o n pro c edur e i s based on su c c e s s iv e I n s p e c t i o n o f them o r p h o l o g y , the s e l e c t e d area e l e c t r o n d i f f r a c t i o n p a t t e r n , and theq u a l i t a t i v e a n d q u a n t i t a t i v e energy d i s p e r s i v e X-ray a n a l y s e s .C o n f i r m a t i o n of the i d e n t i f i c a t i o n of c h r y s o t i l e i s on ly by q u a n t i t a t i v eSAEO, and c o n f i r m a t i o n o f a m p h l b o l e 1 s o n l y by q u a n t i t a t i v e EDXA andq u a n t i t a t i v e zone ax i s S A E O .
S e v e r a l l e v e l s o f a n a l y s i s a r e s p e c i f i e d , three f o r c h r y s o t i l e a n d f o u rf o r a m p h l b o l e , d e f i n e d b y t h e most s p e c i f i c f i b e r c l a s s i f i c a t i o n t o b ea t t e m p t e d f o r a l l f i b e r s . T h e procedure p e r m i t s t h i s targetc l a s s i f i c a t i o n to b e d e f i n e d on the b a s i s o f p r e v i o u s k n o w l e d g e , or l a c kof i t , about the p a r t i c u l a r s a m p l e . A t t e m p t s are then made to ra i s e thec l a s s i f i c a t i o n o f a l l f i b e r s t o t h i s targe t c l a s s i f i c a t i o n , and t o recordthe d egr e e o f succes s in each case. The l e n g t h s and w i d t h s o f a l li d e n t i f i e d f i b e r s are recorded. The number of f i b e r s f o u n d on a knownarea o f the micro s cooe s a m p l e , t o g e t h e r w i t h the e q u i v a l e n t vo lume o fwater f i l t e r e d t h r o u g h t h i s area, are used t o c a l c u l a t e th e f i b e rconcentrat ion in MFL. The mass c onc en tra t i on 1s c a l c u l a t e d in a s i m i l a rmanner by summat i on o f the volume o f the i d e n t i f i e d f i b e r s , a s s u m i n gt h e i r d e n s i t y to be that o f the b u l k m a t e r i a l .

3 . D E F I N I T I O N S , U N I T S A N D A B B R E V I A T I O N S
3.1 D e f i n i t i o n s

A d c u l a r - The shape shown by an e x t r e m e l y s l e n d e r crys ta l w i t hs m a l l cros s- sec t ional d i m e n s i o n s .
A m p h i b o l e - A group of r o ck- f o rming f e r r o m a g n e s i a n s i l i c a t em i n e r a l s , c l o s e l y r e l a t e d i n c r y s t a l f o r m a n d c o m p o s i t i o na n d h a v i n g t h e general f o r m u l a : A ^ B g t S i . A l j g O . ^ O H ) ^

where A . Mg, Fe* 2 , Ca, Na or K, and 6 « Mg, F e * * , F e * 3

or A1. Some of these e l ement s may a l s o be s u b s t i t u t e d byM n , C r , L I , P b , T i o r Z n . I t i s c h a r a c t e r i z e d b y ac r o s s - l i n k e d d o u b l e c h a i n o f S i - 0 t e t r a h e d r a w i t h as i l i c o n r o x y g e n ratio of 4:11, by columnar or f i b r o u sp r i s m a t i c c r y s t a l s and by good p r i s m a t i c c l e a v a g e in



t w o d i r e c t i o n s p a r a l l e l t o t h e c r y s t a l f a c e s a n dI n t e r s e c t i n g at a n g l e s of about 56° and 1 2 4 ° .
A m p h i b o l e A s b e s t o s - A m p h l b o l e 1n an a s b e s t i f o r m h a b i t .
A n a l y t i c a l S e n s i t i v i t y - T h e c a l c u l a t e d c o n c e n t r a t i o n i n."•fL e q u i v a l e n t to c o u n t i n g of one f i b e r .
A s b e s t o s - A commercial term a p p l i e d to a g r o u p o f s i l i c a t em i n e r a l s t ha t r e a d i l y s e p a r a t e I n t o t h i n , s t r o n g f i b e r stha t a r e f l e x i b l e , heat r e s i s t a n t a n d c h e m i c a l l y I n e r t .
A s p e c t R a t i o - The r a t i o o f l e n g t h t o w i d t h in a p a r t i c l e .
Camera L e n g t h - T h e e q u i v a l e n t p r o j e c t i o n l e n g t h betweent h e s a m p l e a n d i t s e l e c t r on d i f f r a c t i o n p a t t e r n . I n t h eabsence of l e n s ac t ion.
C h r y s o t l l e - A mineral of the s e r p e n t i n e g r o u p :I t I s a h i g h l y f i b r o u s , s i l k y v a r i e t y o f s e r p e n t i n e , a n dc o n s t i t u t e s the most impor tan t t y p e of a sbe s to s .
C l e a v a g e - The b r e a k i n g o f a mineral a l o n g i t s c ry s ta l l o g r a p h i cp l a n e s , thus r e f l e c t i n g c ry s ta l s t ruc ture .
C l e a v a g e F r a g m e n t - A f r a g m e n t of a c r y s t a l t h a t is bounded byc l eavage f a c e s .
d - S p a c i n g - The s e p a r a t i o n between i d e n t i c a l a d j a c e n t andp a r a l l e l p l a n e s o f atoms in a c r y s t a l .
D i a t o m - A m i c r o s c o p i c , s i n g l e - c e l l e d p l a n t o f t h e c l a s sB a d l l a r i o p h y c e a e , which grows 1n both marine and f r e s hwater. D i a t o m s secrete w a l l s o f s i l i c a , c a l l e d f r u s t u l e s ,in a great var i e ty of f o r m s .
E l e c t r o n S c a t t e r i n g Power - T h e e x t e n t t o w h i c h a t h i n l a y e r o fa s u b s t a n c e s c a t t e r s e l e c t r o n s f r o m t h e i r o r i g i n a l p a t hd i r e c t i o n s .
Energy D i s p e r s i v e X - r a y A n a l y s i s - Measurement o f t h e e n e r g i e sand I n t e n s i t i e s o f X - r a y s by use o f a s o l i d s t a t e d e t e c t o rand m u l t i c h a n n e l a n a l y z e r system.
E u c e n t H c - T h e c o n d i t i o n when a n o b j e c t 1 s p l a c e d w i t h i t scenter on a r o t a t i o n or t i l t i n g ax i s .
F i b r i l - A s i n g l e f i b e r , w h i c h cannot b e s e p a r a t e d i n t o s m a l l e rc o m p o n e n t s w i t h o u t l o s i n g i t s f i b r o u s p r o p e r t i e s o rappearanc e s .



F i b e r - A p a r t i c l e w h i c h ha s p a r a l l e l or s t e p p e d s i d e s , anaspec t ra t i o equal to or greater than 3:1, and is greatert h a n 0.5 ym in l e n g t h .
F i b e r A g g r e g a t e - A n a s s e m b l y o f r a n d o m l y or i en t ed f i b e r s .
F i b e r B u n d l e - A f i b e r composed o f p a r a l l e l , s m a l l e r d i a m e t e rf i b e r s a t ta ched a l o n g t h e i r l e n g t h s .
H a b i t - T h e c h a r a c t e r i s t i c c ry s ta l f o r m o r c o m b i n a t i o n o f f o r m so f a m i n e r a l , i n c l u d i n g c h a r a c t e r i s t i c i r r e g u l a r i t i e s .
Miller I n d e x - A set of three or f o u r i n t e g e r numbers used tos p e c i f y t h e o r i e n t a t i o n o f a c r y s t a l l o g r a p h i c p l a n e i nr e l a t i o n to the c r y s t a l axes.
R e p l i c a t i o n - A procedure in e l e c t r o n m i c r o s c o p y s p e c i m e np r e p a r a t i o n in wh i ch a t h i n c o p y , or r e p l i c a , o f a s u r f a c e1s made.
S e l e c t e d A r e a E l e c t r o n D i f f r a c t i o n - A t e c h n i q u e i n e l e c t r o nm i c r o s c o p y in which the crys tal s tructure of a s m a l l areaof a s a m p l e may be e xamined .
S e r p e n t i n e - A group of common r o c k - f o r m i n g m i n e r a l s h a v i n g the. f o r m u l a : ( M g , F e ) 3 S i 2 0 5 ( O H ) 4 .
U n o p e n e d F i b e r - L a r g e d i a m e t e r a sb e s t o s f i b e r which has notbeen s e p a r a t e d i n t o i t s c o n s t i t u e n t f i b r i l s .
Zone A x i s - T h a t l i n e or c r y s t a l t o g r a p h i c d i r e c t i o n through thecenter of a c ry s ta l w h i c h i s p a r a l l e l to the i n t e r s e c t i o ne d g e s o f t* e c ry s ta l f a c e s d e f i n i n g th e c r y s t a l zone.

3.2 U n i t s
eV - e l e c t r o n v o l t
g / c m - grams per cubic c e n t i m e t e r
kV - k i l o v o l t
u g / l - micrograms p e r l i t e r ( 1 0 grams p e r l i t e r )
pm - micrometer (10* meter)
M F L - M i l l i o n F i b e r s p e r L i t e r

_gng/L - nanograms p e r l i t e r (10 grams p e r l i t e r )«nm - nanometer (10 me t e r)



N T U - N e p h e l o m e t M c T u r b i d i t y U n i t
p p m - p a r t s p e r m i l l i o n

3.3 A b b r e v i a t i o n s
A W U A - A m e r i c a n W a t e r W o r k s A s s o c i a t i o n
E O X A - Energy D i s p e r s i v e X-ray A n a l y s i s
H E P A - H i g h E f f i c i e n c y P a r t i c l e A b s o l u t e
S A E D - S e l e c t e d Area E l e c t r o n D i f f r a c t i o n
SEM ' - S c a n n i n g E l e c t r o n M i c r o s c o p e
S T E M - S c a n n i n g T r a n s m i s s i o n E l e c t r o n M i c r o s c o p e
T E M - T r a n s m i s s i o n E l e c t r o n M i c r o s c o p e
U I C C - U n i o n I n t e r n a t i o n a l e C e n t r e 1 e Cancer ( I n t e r n a t i o n a lU n i o n A g a i n s t C a n c e r )
' J V - U l t r a v i o l e t

4 . E Q U I P M E N T A N D A P P A R A T U S
4 .1 S p e c i m e n P r e p a r a t i o n L a b o r a t o r y

A s b e s t o s , o a r t i c u l a r l y c h r y s o t l l e , ' $ p r e s e n t I n s m a l l q u a n t i t i e sI n p r a c t i c a l l y a l l l a b o r a t o r y r eag en t s . Many b u i l d i n g m a t e r i a l sa l s o c o n t a i n s i g n i f i c a n t amounts o f a s b e s t o s or o ther m i n e r a lf i b e r s w h i c h m a y I n t e r f e r e w i t h a n a l y s i s . I t I s t h e r e f o r ee s s e n t i a l t h a t a l l s p e c i m e n p r e p a r a t i o n s t e p s b e p e r f o r m e d 1n anenvironment where c o n t a m i n a t i o n o f th e s a m p l e 1 s m i n i m i z e d . Thep r i m a r y requirement o f the s a m p l e p r e p a r a t i o n l a b o r a t o r y 1s t h a t ab l a n k d e t e r m i n a t i o n u s i n g known f i b e r - f r e e water must y i e l d ar e s u l t w h i c h w i l l meet t h e r e q u i r e m e n t s s p e c i f i e d i nS e c t i o n 6.8.1. P r e p a r a t i o n o f s a m p l e s s h o u l d b e carr i ed ou t o n l ya f t e r a c c e p t a b l e b l a n k v a l u e s have been d e m o n s t r a t e d .
The s a m p l e p r e p a r a t i o n areas s h o u l d b e a s e p a r a t e c l e a n room w i t hn o a s b e s t o s - c o n t a i n i n g m a t e r i a l s such a s f l o o r i n g , c e i l i n g t i l e s .I n s u l a t i o n a n d h e a t - r e s i s t a n t p r o d u c t s . T h e work s u r f a c e s s h o u l dbe s t a i n l e s s s t e e l or p l a s t i c - l a m i n a t e . The room s h o u l d beo p e r a t e d under p o s i t i v e p r e s s u r e a n d have a b s o l u t e ( H E P A ) f i l t e r s ,e l e c t r o s t a t i c p r e c i p i t a t i o n , o r e q u i v a l e n t , i n t h e a i r s u p p l y . Al a m i n a r f l o w hood I s recommended f o r s a m p l e m a n i p u l a t i o n . I t i s . .recommended t h a t a s u p p l y o f d i s p o s a b l e l a b o r a t o r y c o a t s a n dd i s p o s a b l e overshoe s b e o b t a i n e d to b e worn In th- c l e a n room.T h i s w i l l reduce t h e l e v e l s o f d u s t , a n d p a r t i c u l a r l y a s b e s t o s ,wnich m i g h t b e t r a n s f e r r e d I n a d v e r t e n t l y by the o p e r a t o r i n t o th e
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c l e a n area. N o r m a l e l e c t r i c a l and water s ervic e s are r equired . An
air ex trac t ( f u m e h o o d ) 1s required to remove s u r p l u s ozone f r o mthe area near the ozone generator.

4.2 I n s t r u m e n t a t i o n Requirement s
4.2.1 T r a n s m i s s i o n E l e - tron M i c r o s c o p e

A t r a n s m i s s i o n e l e c t r o n m i c r o s c o p e h a v i n g % an a c c e l e r a t i n gp o t e n t i a l o f a m i n i m u m of 80 kV, a r e s o l u t i o n b e t t e r than1.0 ran, and a m a g n i f i c a t i o n range of 300 to 100,000 1sr equ ir ed . T h e a b i l i t y t o o b t a i n a d i r e c t screen m a g n i f i -c a t i o n o f a t l ea s t 20,000 Is necessary. An o v e r a l lm a g n i f i c a t i o n o f about 100,000 1s ne c e s sary for I n s p e c t i o no f f i b e r m o r p h o l o g y ; t h i s m a g n i f i c a t i o n may be o b t a i n e d bys u p p l e m e n t a r y o p t i c a l e n l a r g e m e n t o f th e screen I m a g e byu s e o f a b i n o c u l a r i f I t cannot b e o b t a i n e d d i r e c t l y . I t1s a l s o required that the v i e w i n g screen be c a l i b r a t e d . (asshown in F i g u r e 1) w i t h c o n c e n t r i c c i r c l e s and a m i l l i m e t e rs c a l e such that th e l e n g t h s and w i d t h s o f f i b e r image s downto 1 mm w i d t h can be measured In I n c r e m e n t s of 1 mm.
..» For B r a g g a n g l e s l e s s than 0.01 r a d i a n s the in s t rumen t mustb e c a p a b l e o f p e r f o r m i n g s e l e c t e d area e l e c t r o n d i f f r a c t i o nf r o m an area of 0.6 pnr or "ess, s e l e c t e d f r o m an i n - f o c u sI m a g e a t a screen m a g n i f ( c a t i o n o f 20,000. Thi s p e r f o r m -ance r equirement d e f i n e s t h e m i n i m u m s e p a r a t i o n betweenp a r t i c l e s a t w h i c h I n d e p e n d e n t d i f f r a c t i o n p a t t e r n s c a r b eo b t a i n e d f r o m each. T h e c a p a b i l i t y o f a p a r t i c u l a rI n s t r u m e n t m a y n o r m a l l y b e c a l c u l a t e d u s i n g t h e f o l l o w i n gr e l a t i o n s h i p :

A - ( + 2000 C e 3 ) 2

where: A • E f f e c t i v e SAED area in ym
D • Diamet er of SAED a p e r t u r e in um
M • M a g n i f i c a t i o n o f o b j e c t i v e l e n s
C s » O b j e c t i v e l e n s s p h e r i c a l a b e r r a t i o nc o e f f i c i e n t in mm
8 « M a x i m u m Bragg a n q l e in r a d i a n s

A l t h o u g h a l m o s t a l l I n s t r u m e n t s o f current m a n u f a c t u r e meetth e s e r equirement s , many o l d e r i n s t r u m e n t s w h i c h a r e s t i l lin s e rv i c e do not. It i s o b v i o u s l y no t p o s s i b l e t o r educethe area o f a n a l y s i s I n d e f i n i t e l y by use o f a p e r t u r e s



F i g u r e 1 . C a l i b r a t i o n M a r k i n g s o n T E M V i e w i n g S c r e e n .



s m a l l e r in d i a m e t e r than t h o s e s p e c i f i e d by th em a n u f a c t u r e r , since there I s a f u n d a m e n t a l l i m i t a t i o nimpo s ed by the s p h e r i c a l a b e r r a t i o n c o e f f i c i e n t o f theo b j e c t i v e l en s .
If zone a x i s SAED a n a l y s e s ar e t o b e p e r f o r m e d , i t i srequired that the e l e c t ron micro s cope be f i t t e d w i t h agon iome t e r s t a g e w h i c h p e r m i t s e i t h e r a 360° r o t a t i o n: combined w i t h t i l t i n g t h r o u g h at l e a s t +30° to - 3 0 ° , ort i l t i n g through at l e a s t +30° to -30° around twop e r p e n d i c u l a r axes in the p l a n e o f the s a m p l e . The work i sg r e a t l y f a c i l i t a t e d i f t h e goniometer p e r m i t s eucentrict i l t i n g .
It i s a l s o e s s e n t i a l tha t the e l e c t r o n micro s c ope have anI l l u m i n a t i o n a n d condenser l en s sys t em c a p a b l e c f f o r m i n gan e lec tron probe s m a l l e r than 100 nm in diameter .
Use of an a n t i - c o n t a m i n a t i o n t r a p around the spec imen isrecommended i f the r equired i n s t r u m e n t a l p e r f o r m a n c e i s tobe o b t a i n e d .

4.2.2 Energy D i s p e r s i v e X-ray ' A n a l y z e r
An energy d i s p e r s i v e X-ray a n a l y z e r i s r equired. S i n c e t h ep e r f o r m a n c e o f I n d i v i d u a l c o m b i n a t i o n s o f equ ipment i sc r i t i c a l l y d e p e n d e n t on a number o f g e o m e t r i c a l f a c t o r s ,the required p e r f o r m a n c e of the c o m b i n a t i o n of e l e c t r onm i c r o s c o p e and X-ray a n a l y z e r i s s p e c i f i e d in terms of themeasured X-ray i n t e n s i t y f r o m a s m a l l d i a m e t e r f i b e r , u s i n ga known e l e c tron beam d iame t er . X-ray d e t e c t o r s areg e n e r a l l y l e a s t s e n s i t i v e 1n the low energy r eg ion , and someasurement of s od ium in c r o c i d o l i t e 1s s e l e c t ed as thep e r f o r m a n c e c r i t e r i o n . T h e c o m b i n a t i o n o f e l e c t r onmi cro s c op e and X-ray a n a l y z e r must y i e l d a background-s u b t r a c t e d N a K a p e a k I n t e g r a l count rate o f more t han1 count per second ( c p s ) f r o m a 50 nm d i a m e t e r f i b e r ofU I C C c r o c i d o l i t e I r r a d i a t e d b y a I C O r m d i a m e t e r e l e c t r o nprobe at an a c c e l e r a t i n g p o t e n t i a l of 80 kV. Thee q u i v a l e n t p e a k / b a c k g r o u n d ra t io shou ld exceed 1.0.
The EDXA equipment must p r o v i d e th e means f or s ub t ra c t i onof the background. I d e n t i f i c a t i o n o f e l e m e n t a l p e a k s , andc a l c u l a t i o n of net p e a k areas.

4.2.3 C o m p u t e r
Many r e p e t i t i v e numerical c a l c u l a t i o n s ar e nece s sary, andthese can be p e r f o r m e d c o n v e n i e n t l y by r e l a t i v e l y s i m p l ec o m p u t e r programs. F o r a n a l y s e s o f zone a x i s d i f f r a c t i o np a t t e r n mea sur ement s , a c o m p u t e r f a c i l i t y w i t h min imuma v a i l a b l e memory of 64K words is required to accommodate
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t h e more c o m p l e x programs i n v o l v e d . S u g g e s t e d p r o g r a ml i s t i n g s f o r s t a n d a r d i z e d d a t a r e p o r t i n g a n d f i b e ri d e n t i f i c a t i o n r o u t i n e s a r e i n c l u d e d a s par t o f t h i sa n a l y t i c a l pro c edur e . ( A p p e n d i c e s A a n d 8 ) .
4.2.4 Vacuum Evapora tor

A v a c u u m . e v a p o r a t o r c a p a b l e o f p r o d u c i n g a vacuum b e t t e rthan 1 C T 4 T o r r (0.013 Pa) i s required for vacuumd e p o s i t i o n o f carbon on to the p o l y c a r b o n a t e f i l t e r s . As a m p l e h o l d e r 1s d e s i r a b l e w h i c h a l l o w s a 51 x 75 mm g l a s sm i c r o s c o p e s l i d e t o b e t i l t e d a n d r o t a t e d d u r i n g t h ec o a t i n g proc edure . U s e o f i l i q u i d n i t r o g e n c o l d t r a pabov* t h e d i f f u s i o n p u n p w i l l m i n i m i z e t h e p o s s i b i l i t y o fc o n t a m i n a t i o n o f t h e f i l t e r s u r f a c e s b y o i l f r o m t h ep u m p i n g system. The vacuum e v a p o - a t o r may a l s o b e used ford e p o s i t i o n o f t h e t h i n f i l m o f ? o l d , o r other r e f e r e n c em a t e r i a l , required o n e l e c t r o n m i c r o s c o p e s a m p l e s f o rc a l i b r a t i o n o f e l e c t r o n d i f f r a c t i o n p a t t e r n s . F o r g o l dd e p o s i t i o n , a s p u t t e r c oa t er may a l l o w b e t t e r c on tro l o ft h e p r o c e s s , a n d I s t h e r e f o r e recommended.
4.2.5 Ozone Genera t or

A n ' o z o n e generator, i n c o m b i n a t i o n w i t h u l t r a v i o l e t l i g h ti r r a d i a t i o n , i s used f o r t h e o x i d a t i o n o f o r g a n i c m a t e r i a l1 n water s a m p l e s . T h i s p r o c e d u r e i s nece s sary o n a l l waters a m p l e s . The g enera tor s h o u l d be c a p a b l e o f g e n e r a t i n g atl e a s t 400 g o f ozone p'^r day at a c o n c e n t r a t i o n of at l e a s tI I b y w e i g h t when s u p p l i e d w i t h d r y oxygen. T h e ozoneg e n e r a t o r M o d e l G L - 1 ( P C I Ozone C o r p o r a t i o n , 1 F a i r f i e l dC r e s c e n t , W e s t C a ' d w e l l , N e w J e r s e y 07006) o r e q u i v a l e n thas been f o u n d to meet the r e q u i r e m e n t s o f t h i s a n a l y t i c a lt e chnique .
4 .3 A p p a r a t u s , S u p p l i e s and Reagent s

4.3.1 Gas Supply to Ozone G e n e r a t o r
The ozone g e n e r a t o r can be s u p o l i e d by e i t h e r c o m p r e s s e dair or oxygen. The i n p u t gas must be r e g u l a t e d to thep r e s s u r e s p e c i f i e d b y t h e g e n e r a t o r m a n u f a c t u r e r . I t i srecommended tha t o x y g e n be p r o v i d e d 1n order to reduce thep o s s i b i l i t y o f a d d f o r m a t i o n I n t h e s a m p l e .

4.3.2 G a s - L i n e D r y i n g T u b e
T h e ozone genera tor o p e r a t e s more e f f i c i e n t l y when s u p p l i e dw i t h d r y oxygen. A n i n - l i n e d r y i n g t u b e , f i l l e d w i t h ad e s i c c a n t , f o l l o w e d by a 0.2 urn pore s i z e p o l y t e t r a -f l u o r o e t h y l e n e f i l t e r t o pr even t p a r t i c u l a t e f r o m t h ed e s i c c a n t e n t e r i n g th e ozone g e n e r a t o r i s recommended.



A s t a i n l e s s s t e e l p r e s s u r e f i l t r a t i o n a s s e m b l y ( M i l l i p o r eC o r p o r a t i o n , B e d f o r d MA 01730, C a t . No. XX40 047 00) w i t h a0 . 2 u r n pore s i z e F l u o r o p o r e R f i l t e r ( M i l l i p o r e C o r p o r a t i o n ,C a t . N o . F G L P 0 4 7 0 0 ) i n t h e normal f i l t e r p o s i t i o n a n ds i l i c a gel in the re s ervoir have been f o u n d to bes a t i s f a c t o r y f o r t h i s p u r p o s e .
4.3.3 I n - L i n e G a s F i l t r a t i o n A s s e m b l y

A f i l t e r i s p l a c e d in th e ozone l i n e i m m e d i a t e l y b e f o r e t h egas enters the s a m p l e . A 25 mm s t a i n l e s s s t e e l gas l i n ef i l t e r h o l d e r ( M i l l i p o r e C o r p o r a t i o n , Cat. N o . X X 4 0 0 2 5 0 0 )or e q u i v a l e n t w i t h a 0.2 un pore s i z e F l u o r o p o r e f i l t e r( M i l l i p o r e C o r p o r a t i o n , C a t . N o . F G L P 0 2 5 0 0 ) o r e q u i v a l e n tis used in each ozone s u p p l y l i n e to ensure that the ozonee n t e r i n g t h e s a m p l e i s p a r t i c l e - f r e e .
4.3.4 U l t r a v i o l e t L a m p

A submer s i b l e short w a v e l e n g t h (254 nm) u l t r a v i o l e t l a m p i sr equired f or th e ozone-UV o x i d a t i o n treatment o f waters a m p l e s . A 6 inch Pen-Ray* u l t r a v i o l e t l a m p ( P a r t N o .90-0004-11) a n d power s u p p l y model S C T - 4 ( U l t r a - V i o l e tP r o d u c t s I n c . , 5100 W a l n u t G r o v e A v e n u e , S a n G a b r i e l ,C a l i f o r n i a 91778) or e q u i v a l e n t have been found to meett h e r equ ir ement s o f t h i s a n a l y t i c a l t e c h n i q u e .
4.3.5 Source of Known F i b e r - F r e e W a t e r

F o r b l a n k d e t e r m i n a t i o n s , f i n a l w a s h i n g o f a n a l y t i c a le q u i p m e n t , and d i l u t i o n of some s a m p l e s , a source of waterwhi ch i s f r e e o f both p a r t i c l e s and f i b e r s i s r equ i r ed .F r e s h d o u b l e - d i s t i l l e d water from a g l a s s d i s t i l l a t i o na p p a r a t u s ( M E G A - P U R E ™ m a n u f a c t u r e d b y C o r n i n g a n da v a i l a b l e f r o m a l l a u t h o r i z e d C o r n i n g L a b o r a t o r y S u p p l yD e a l e r s ) or e q u i v a l e n t is p r e f e r a b l e , and has been f o u n d tomeet t h i s r equirement . D e - i o n i z e d water , f i l t e r e d t h r o u g ha 0 . 1 u m pore s ire N u c l e p o r e P o l y c a r b o n a t e f i l t e r ' h a s a l s obeen f o u n d t o b e s a t i s f a c t o r y , bu t the f i l t r a t i o n a s s e m b l yI t s e l f t e n d s t o c o n t r i b u t e some p a r t i c l e s t o t h e f i l t r a t e .
4.3.6 F i l t r a t i o n A p p a r a t u s

T h e water s a m p l e i s f i l t e r e d t h r o u g h a membrane f i l t e r o fe i t h e r 47 mm d i a m e t e r or 25 mm d i a m e t e r . The f i l t r a t i o na s s e m b l y s h o u l d be chosen to su i t the s ize of f i l t e r inuse. A g l a s s f r i t s u p p o r t i s required in order to o b t a i n au n i f o r m d e p o s i t on the f i l t e r . The reservoir must b ee a s i l y c l eaned in order to prevent s a m p l e cross-c o n t a m i n a t i o n . A 4 7 m m a n a l y t i c a l f i l t e r h o l d e r ( M i l l i p o r eC o r p o r a t i o n , Cat . 1,0. XX10 047 00) or a 25 mm a n a l y t i c a lf i l t e r h o l d e r ( M i l l i p o r e C o r p o r a t i o n , C a t . N o . X X 1 0 0 2 5 0 0 )
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or e q u i v a l e n t has been f o u n d to be s u i t a b l e . W h e n u s i n gt h e l a r g e r d i a m e t e r e q u i p m e n t i t i s nece s sary t o f i l t e rp r o p o r t i o n a t e l y l a r g e r vo lume s o f water.
4.3.7 F i l t r a t i o n M a n i f o l d

W h e n a number of s a m p l e s are to be f i l t e r e d , severalf i l t r a t i o n u n i t s c a n b e o p e r a t e d s i m u l t a n e o u s l y f r o m as i n g l e vacuum source b y u s i n g a m u l t i p l e por t f i l t r a t i o nm a n i f o l d ( M i l H p o r e C o r p o r a t i o n , C a t . N o . X X 2 6 0 4 7 3 5 } o re q u i v a l e n t . T h e m a n i f o l d s h o u l d i n c l u d e v a l v e s t o p e r m i teach port to be opened or c l o s e d i n d e p e n d e n t l y .
4.3.8 Vacuum Pump

A p u m p is required to p r o v i d e a vacuum of 20 kPa for thef i l t r a t i o n o f water s a m p l e s . A water j e t p u m p ( E d w a r d sH i g h Vacuum I n c . , G r a n d I s l a n d , N Y 14072, C a t . N o .Cl-C046-Ol-000-fema1e c o n n e c t i o n or 01-C039-01-QOO-malec o n n e c t i o n } or e q u i v a l e n t has been f o u n d to p r o v i d es u f f i c i e n t vacuum f o r a 3-port f i l t r a t i o n m a n i f o l d a n d a l s oI n c o r p o r a t e s a non-return v a l v e to prevent b a c k - s t r e a m i n g .
4.3.9 Membrane F i l t e r s

The d i a m e t e r s of the membrane f i l t e r s s hou ld be matched tot h e d i a m e t e r s o f t h e f i l t r a t i o n a p p a r a t u s i n use. F o rf i l t r a t i o n o f water s a m p l e s , t w o t y p e s o f . f i l t e r s a r er e q u i r e d :
- p o l y c a r b o n a t e c a p i l l a r y - p o r e membrane f i l t e r s ,0.1 urn pore s i z e ( N u c l e p o r e C o r p o r a t i o n , 7035Commerce C i r c l e , P l e a s a n t o n , C a l i f o r n i a 9 4 5 6 6 )or e q u i v a l e n t , are used to c o l l e c t the s u s p e n d e dm a t e r i a l f r o m a water s a m p l e .
- m i x e d e s t er s o f c e l l u l o s e membrane f i l t e r s ,0.45 u rn pore s ize Type HA (Mil 11 poreC o r p o r a t i o n , B e d f o r d , MA 01730) or e q u i v a l e n t ,are used a s a s u p p o r t f i l t e r p l a c e d between theg l a s s f r i t o f t h e f i l t r a t i o n a p p a r a t u s a n d t h ep o l y c a r b o n a t e f i l t e r .

4.3.10 J a f f e W a s h e r
• A J a f f e W a s h e r i s used f o r d i s s o l u t i o n o f N u c l e p o r ef i l t e r s . S e v e r a l d e s i g n s o f J a f f e W a s h e r have been usedwhich are m o d i f i c a t i o n s o f the o r i g i n a l d e s i g n . P r o v i d e dt h a t t h e p o l y c a r b o n a t e f i l t e r c a n b e c o m p l e t e l y d i s s o l v e d ,a n d t h a t t h e m a t e r i a l s used i n t h e d i f f e r e n t d e s i g n s o fwasher ar e d e m o n s t r a b l y f r e e o f m i n e r a l f i b e rc o n t a m i n a t i o n , t h e p r e c i s e d e s i g n i s n o t c o n s i d e r e d
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i m p o r t a n t . Because o f recent c h a n g e s in the f o r m u l a t i o n o fN u c l e p o r e p o l y c a r b o n a t e f i l t e r s which have d e g r a d e d t h e i rs o l u b i l i t y i n c h l o r o f o r m , a more c o m p l e x d i s s o l u t i o npro c edur e may be r equ ir ed . The a d d i t i o n a l s t e p s in thep r e p a r a t i o n are more e a s i l y c o m p l e t e d i f th e o r i g i n a lwasher d e s i g n i s f o l l o w e d . T h i s o r i g i n a l d e s i g n i si l l u s t r a t e d in F i g u r e 5A. F i g u r e 56 shows s a m p l e s b e i n gp l a c e d o n a J a f f e W a s h e r o f t h i s d e s i g n . A l t e r n a t i v e l y ,m e t h y l e n e c h l o r i d e may be s u b s t i t u t e d for c h l o r o f o r m , bu tbecause t h i s has a h i g h e r vapor pr e s s ur e it i s thennece s sary t o ensure t h a t t h e J a f f e W a s h e r i s t i g h t l y s e a l e dto avoid exces s ive evaporat ion.
4.3.11 C o n d e n s a t i o n W a s h e r

A c o n d e n s a t i o n washer may be u s e f u l i f TEM s p e c i m e n s arerequired more q u i c k l y than i s p o s s i b l e i f t h e O a f f e W a s h e ri s used a l o n e to d i s s o l v e some b a t c h e s o f N u c l e p o r ep o l y c a r b o n a t e f i l t e r s . A c o n d e n s a t i o n washer c o n s i s t s o f asystem w i t h c o n t r o l l e d h e a t i n g , c o n t r o l l e d r e f l u x i n g , a n d ac o l d f i n g e r f o r h o l d i n g t h e e l e c t r o n m i c r o s c o p e s a m p l egr id s . F i g u r e 6 shows one model of the c o n d e n s a t i o n washer( C a t . N o . 16950, L a d d Research I n d u s t r i e s , I n c . , P . O . B o x901, B u r l i n g t o n , Vermont 05401) whi ch has been f o u n ds a t i s f a c t o r y .
4.3.12 E l e c t r o n M i c r o s c o p e G r i d s

S p e c i m e n g r i d s of 200 mesh and 3 mm d i a m e t e r are requiredi n bo th c o p p e r a n d g o l d . T h e g r i d o p e n i n g s s h o u l d b ea p p r o x i m a t e l y 80 ym square. The f i b e r count r e s u l tob ta ined is p rooor t i ona l to the mean area of the o p e n i n g se x a m i n e d . T h e r e f o r e , i t i s i m p o r t a n t t h a t an accuratemeasurement of the d i m e n s i o n s of each g r i d o p e n i n g can beo b t a i n e d . S i n c e there i s a w i d e range o f q u a l i t y in thea v a i l a b l e c o p p e r s p e c i m e n g r i d s , t h e s e s h o u l d b e e xaminedc a r e f u l l y to e s t a b l i s h the degre e o f . u n i f o r m i t y o f bo th theg r i d o p e n i n g s a n d t h e g r i d bars. C o o p e r s p e c i m e n g r i d sC a t . N o . S P I I 3 0 2 G C a n d 3020T, S P I S u p p l i e s D i v i s i o n o fS t r u c t u r e Probe , Inc. , P.O. Box 342, W e s t C h e s t e r , PA19380, or e q u i v a l e n t , have been f o u n d to meet therequirements. In a d d i t i o n , the s e g r i d s have a mark at thec enter o p e n i n g . Thi s r e f e r e n c e can b e used t o i n d i c a t e th el o c a t i o n of o p e n i n g s which have been examined.A l t e r n a t i v e l y , f i n d e r g r i d s m a y b e s u b s t i t u t e d i fr e - e x a m i n a t i o n of s p e c i f i c g r i d o p e n i n g s i s to berequired. G o l d spec imen g r i d s C a t . N o . - 21612, Ernest F .F u l l a m , I n c . , P . O . B o x 4 4 4 , S c h e n e c t a d y , N . Y . 12301, o re q u i v a l e n t , have been f o u n d to meet the requirements forg o l d g r i d s .
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4.3.13 U l t r a s o n i c B a t h
A n u l t r a s o n i c b a t h i s required f o r d i s p e r s i n g p a r t i c i p a t ei n s a m p l e c o n t a i n e r s a n d f o r genera l c l e a n i n g o fequ ipment . The s ize o* uni t s e l e c t e d is u n i m p o r t a n t , ands h o u l d be r e l a t e d to the v o l u m e of work in p r o g r e s s .B r a n s o n l c M o d e l B-52 ( B r a n s o n C l e a n i n g E o u i p m e n t C o m p a n y ,P a r r o t t D r i v e , S h e l t o n C o n n e c t i c u t 06*84} has a pcwer o f200 w a t t s at a f r e q u e n c y of SO kHz and has been f o u n d tomeet the requirements.

4.3.14 Carbon Rod E l e c t r o d e s
S p e c t r o c h e m i c a l l y pure carbon rods are required for u s e inth e vacuum e v a p o r a t o r d u r i n g carbon c o a t i n g o f f i l t e r s .T y p e A G K S P , N a t i o n a l S p e c t r o s c o p i c E l e c t r o d e s , m a n u f a c t u r e dby U n i o n C a r b i d e , or e q u i v a l e n t , have been f o u n d to ireetthe requirements .

4.3.15 Carbon Rod S h a r p e n e r
T h i s device is used to sharpen the carbon rods to a neck of3.6 mm l o n g and 1.0 mm d i a m e t e r . The use of necked rod s ,or e q u i v a l e n t , a l l o w s the carbon l a y e r to be a p p l i e d w i t h am i n i m u m o f h e a t i n g o f t h e p o l y c a r b o n a t e membrane. T h es h a r p e n e r , C a t . N o . 1204, Erne s t F . F u t l a m , I n c . ,S c h e n e c t a d y , N . Y . 12301, or e q u i v a l e n t , meets t h er e q u i r e m e n t s .

4.3.16 S t a n d a r d s
a ) R e f e r e n c e S t a n d a r d F i b e r S u s p e n s i o n s . G l a s s a m o o u T e so f s t a b l e c o n c e n t r a t e d c h r y s o t H e o r a m p h i b o l e f i b e rd i s p e r s i o n s , ( E l e c t r o n O p t i c a l L a b o r a t o r y , O n t a r i oResearch F o u n d a t i o n , S h e r i d a n P a r k , H ^ s s i s s a u g a ,O n t a r i o , C a n a d a L5K 1 B 3 ) can b e used t o e s t a b l i s hq u a l i t y a s s uranc e i n a n a l y t i c a l p r o g r a m s . T h er e f e r e n c e s u s p e n s i o n s o f known mass and n u m e r i c a lf i b e r c o n c e n t r a t i o n s are used to generate c on tro ls a m p l e s f o r i n c l u s i o n i n a n a l y t i c a l p r o g r a m s .
b ) R e f e r e n c e S i l i c a t e M i n e r a l S t a n d a r d s o n T E M G r i d s . F o rc a l i b r a t i o n o f t h e E D X A sys t em, r e f e r e n c e s i l i c a t eminera l s t a n d a r d s a r e reouired ( E l e c t r o n O p t i c a lL a b o r a t o r y , O n t a r i o R e s e a r c h F o u n d a t i o n , S h e r i d a nP a r k , M i s s i s s a u g a , O n t a r i o , Canada L 5 K 183).
c ) A s b e s t o s S u l k M a t e r i a l . C h r y s o t i l e ( C a n a d i a n ) ,C h r y s o t i l e ( R h o d e s i a n ) , C r o c i d o H t e , A m o s l t e . U I C C( U n i o n I n t e r n a t i o n a l e C e n t r e l e C a n c e r ) S t a i d a r d s .A v a i l a b l e f r o m Duke S t a n d a r d s Ccmaany, 4 4 5 S h e r m a nA v e n u e , P a l o A l t o , C A 9*306.
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4.3.17 Carbon G r a t i n g R e p l i c a
A carbon g r a t i n g r e p l i c a w i t h about 2000 p a r a l l e l l i n e so e r nro ( C a t . No. 10020, Ernest F. Ful l am, I n c . ,S c h e n e c t a d y , N . Y . 12301) o r e q u i v a l e n t I s required f o rc a l i b r a t i o n o f t h e m a g n i f i c a t i o n o f t h e TEM.

4.3.18 C h l o r o f o r m
S p e c t r o q r a d e c h l o r o f o r m , d i s t i l l e d i n g l a s s (pr e s e rv ed w i t h15 ( v / v ) e t h a n o l , Burdi ck & J a c k s o n Labora tor i e s I n c . ,M u s k e g o n , M i c h i g a n 49442) or e q u i v a l e n t , i s required forth e d i s s o l u t i o n o f th e p o l y c a r b o n a t e f i l t e r s .

4.3.19 Petri Dishes
O l s o o s a b l e p l a s t i c oetH d i s h e s ( M i l l i p o r e C o r p . C a t . N o .PO 10 047 00) or e q u i v a l e n t , are u s e f u l for s t o rage ofs a m p l e f i l t e r s a n d s p e c i m e n g r i d s . I f charge b u i l d - u p o nthese d i she s Is e x p e r i e n c e d , 1 t has been f o u n d that r i n s i n gthem with a weak de tergent s o l u t i o n w i l l reduce the p r o b l e m .

4.3.20 Quartz P i p e t s
Quartz p i p e t s are used to b u b b l e ozone through the l i q u i ds a m p l e . T h e s e p i p e t s are f ormed by h e a t i n g quar tz t u b i n gand drawing it to a tip of a p p r o x i m a t e l y 0.35 mm i n s i d ediameter . T h e p i p e t s h o u l d b e s u f f i c i e n t l y l o n g t o reachw i t h i n 1 I n c h o f the bot tom o f the s a m p l e b o t t l e , t o crea t egood m i x i n g o f t h e l i q u i d d u r i n g o x i d a t i o n .

4.3.21 Mercuric C h l o r i d e S o l u t i o n
A 0.01 molar s o l u t i o n of mercuric c h l o r i d e may be r equ ir edfor pre s erva t i on o f water s a m p l e s . Thi s i s p r e p a r e d byd i s s o l v i n g 2.71 g of reagent g r a d e mercuric c h l o r i d e in100 mL of f i b e r - f r e e water. The s o l u t i o n is then f i l t e r e dtwice through the same 0.1 urn pore s ize N u c l e p o r e f i l t e r ,u s i n g the f i l t r a t i o n a p p a r a t u s described in S e c t i o n 4.3.6and a conventional f i l t r a t i o n f l a s k .

4.3.22 Rout ine Ele c tron M i c r o s c o p y P r e p a r a t i o n S u p p l i e s
E l e c t ron micro scopy p r e p a r a t i o n s u p p l i e s such a s s c a l p e l sd i s p o s a b l e s c a l p e l b l a d e s (curved c u t t i n g e d g e ) ,d o u b l e - s i d e d adhes ive t a p e , sharp p o i n t tweezers andsoecimen scissors are required. T h e s e I t e m s are a v a i l a b l ef r om most EM s u p p l y houses.
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4.3.23 R o u t i n e L a b o r a t o r y S u p p l i e s
R o u t i n e l a b o r a t o r y s u p p l i e s a n d l a b w a r e a r e r e o u i r e d . T h egeneral s u o o l i e s I n c l u d e a d e t e r g e n t f o r c l e a n i n ga p p a r a t u s , m a r k i n g p e n s f o r l a b e l l i n g c l a s s a n d p l a s t i ca p p a r a t u s , q l a s s m i c ro s c op e s l i d e s , f e n s p a p e r { f o rp r e p a r a t i o n o f J a f f e W a s h e r a n d l i n i n g o f T E M g r < d s t o r a g ed i s h e s ) , l i n t f r e e t i s s u e s . G e n e r a l l a f c w a r e i n c l u d e s sue?*i t ems a s g r a d u a t e d c y l i n d e r s , b eaker s o f s everal s i z e s ,p i p e t s . Whenever p o s s i b l e , d i s p o s a b l e p l a s t i c l a b w a r e i srecotmiended to avo id the p r o b l e m s o f c o n t a m i n a t i o n f - o m newg l a s s w a r e a n d c r o s s - c o n t a m i n a t i o n between s a m p l e s .

5 . S A M P L E C O L L E C T I O N A N D P R E S E R V A T I O N
5 . 1 S a m p l e C o n t a i n e r

T h e s a m p l e c o n t a i n e r w i l l b e a n u n u s e d , p r e - c l e a n e d , screw-caooedb o t t l e o f g l a s s o r l ow d e n s i t y ( c o n v e n t i o n a l ) p o l y e t h y l e n e andc a p a b l e o f h o l d i n g a t l e a s t 1 l i t e r . I t i s recommended t h a t t h euse of p o l y p r o p y l e n e b o t t l e s be avo ided s ince p r o b l e m s ofp a r t i c i p a t e b e i n g r e l e a s e d i n t o w a t e r s a m p l e s have been ob s e rv ed .
I d e a l l y , water s a m p l e s a r e best c o l l e c t e d i n q l a s s b o t t l e s . (

However , g l a s s can have s i g n i f i c a n t l e v e l s o f a s b e s t o s on thes u r f a c e s a n d t h e r e f o r e r e q u i r e s c a r e f u l c l e a n i n g b e f o r e use. G l a s si s a l s o d i f f i c u l t t o s h i p because o f p o s s i b l e b r eakage throuqhd r o o p i n g . o r f r e e z i n g . Because o f th e s e d i s a d v a n t a g e s , p o l y e t h y l e n eb o t t l e s are more c o n v e n i e n t to use and t h e r e f o r e are re commendec i .
T h e b o t t l e s s h o u l d f i r s t b e r i n s e d t w i c e b y f i l l i n o a o p r o x i m a t e l yo n e t h i r d f u l l w i t h f i b e r - f r e e wat er a n d s h a k i n g v i g o r o u s l y f o r3 0 s e conds . A f t e r d i s c a r d i n g t h e r i n s e w a t e r , t h e b o t t l e s s h o u l dth en b e f i l l e d w i t h f i b e r - f r e e w a t e r anri t r e a t e d i n a n u l t r a s o n i cb a t h f o r 1 5 m i n u t e s , f o l l o w e d b y s evera l r i n s e s w i t h f i b e r - f r e ewater.
It i s recommended that b l a n k d e t e r m i n a t i o n s be made on the b o t t l e sb e f o r e s a m p l e c o l l e c t i o n . T h e f o l l o w i n g m e t h o d h a s been f o u n ds a t i s f a c t o r y f o r these d e t e r m i n a t i o n s . A pre-washed b o t t l ec o n t a i n i n g a p p r o x i m a t e l y 8 0 0 m i l l i l i t e r s o f f i b e r - f r e e wat er i sproces sed as d e s c r i b ed for p r e p a r a t i o n o^ s a m p l e s , i n c l u d i r ^ozone-UV a n d u l t r a s o n i c t r e a t m e n t s . W h e n u s i n g p o l y e t h y l e n eb o t t l e s , 1 b o t t l e in each ba t ch or a m i n i m u m of 1 b o t t l e in each ?<»i s t e s t e d f o r b a c k g r o u n d l e v e l . W h e n u s i n g g l a s s b o t t l e s , t h e r i s kof a s b e s t o s c o n t a m i n a t i o n f r o m the b o t t l e i s g r e a t e r and a •"ini .Turtof 4 b o t t l e s in each 24 are e x a m i n e d for b a c k a r o u n d l e v e l .A d d i t i o n a l b l a n k s mav b e d e s i r a b l e when s a m p l i n g waters s u s o e c t e c to f c o n t a i n i n g very l ow l e v e l s o f a s b e s t o s , o r when a d d i t i o n a lc o n f i d e n c e i n t h e b o t t l e b l a n k s i s d e s i r e d .
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5 . 2 S a m p l e C o l l e c t i o n
It 1 s beyond the scooe o f t h i s proc edure t o f u r n i s h d e t a i l e dI n s t r u c t i o n s f o r f i e l d s a m p l i n g ; t h e qeneral p r i n c i p l e s o fo h t a l n i n q water s a m p l e s a p p l y . H o w e v e r , some s p e c i f i cc o n s i d e r a t i o n s a p p l y t o a s b e s t o s f i b e r s b ecause t h e y a r e a s p e c i a ltyoe o f p a r t i c u l a t e m a t t e r . T h e s e f i b e r s ar e s m a l l , and in w a t e rrange 1n l e n g t h f r o m 0.1 ym to 20 urn or more.
Because of the ranoe of s i z e s there may be a v e r t i c a l d i s t r i b u t i o no f p a r t i c l e s i z e s i n l a r g e b o d i e s o f water. T h i s d i s t r i b u t i o n m a yvary w i th d e p t h d e p e n d i n g upon th e v e r t i c a l d i s t r i b u t i o n o f

t e m p e r a t u r e , th e water current p a t t e r n and the l o c a l m e t e o r o l o o i c a lc o n d i t i o n s . S a m p l i n g s h o u l d t a k e p l a c e a c c o r d i n g t o t h e o b j e c t i v eo f t h e a n a l y s i s . I f a r e p r e s e n t a t i v e s a m p l e o f a water s u p p l y i sr eou i r ed , a c a r e f u l l y d e s i g n a t e d s e t o f s a m p l e s s h o u l d be ta i c enr e p r e s e n t i n g the ver t i ca l as we l l as the h o r i z o n t a l d i s t r i b u t i o nand these s a m p l e s s h o u l d b e c o m p o s i t e d f o r a n a l y s i s .
When s a m p l i n g f r o m a f a u c e t , remove a l l hoses o r f i t t i n g s a n d a l l o wthe water to run to was t e for a s u f f i c i e n t l y l o n g p e r i o d to ensurethat t h e s a m p l e c o l l e c t e d i s r e p r e s e n t a t i v e o f f r e s h water.F a u c e t s o r v a l v e s s h o u l d no* s e a d j u s t e d u n t i l a l l s a m p l e s havebeen c o l l e c t e d . If p o s s i b l e , s a m p l i n g a t h y d r a n t s and a t the endso f d i s t r i b u t i o n sy s t ems s h o u l d b e a v o i d e d .
A s a n a d d i t i o n a l p r e c a u t i o n a g a i n s t c o n t a m i n a t i o n , b e f o r ec o l l e c t i o n o f the s a m p l e , each b o t t l e may be r i n s e d several t i m e si n t h e source water b e i n g s a m p l e d . I n t h e case o f d e o t h s a m p l i n gin b o d i e s o f wat er , t h i s r i n s i n g may c o m p r o m i s e th e r e s u l t s ands h o u l d be o m i t t e d .

5.3 Q u a n t i t y o f S a m p l e
Two s e p a r a t e s a m p l e s of a p p r o x i m a t e l y 800 mi m i l t e r s each arerequired . A n a i r s p a c e must b e l e f t i n t h e b o t t l e t o a l l o we f f i c i e n t r e d i s p e r s a l o * s e t t l e d m a t e r i a l b e f o r e a n a l y s i s . T h esecond b o t t l e i s s tored f or a n a l y s i s i f c o n f i r m a t i o n o f th e r e s u l t so b t a i n e d f r o m t h e a n a l y s i s o f t h e f i r s t b o t t l e i s r e q u i r e d .

5 .4 S a m p l e P r e s e r v a t i o n and S t o r a g e
• S a m p l e s must be t r a n s p o r t e d to the a n a l y t i c a l l a b o r a t o r y as soon asp o s s i b l e a f t e r c o l l e c t i o n . N o p r e s e r v a t i v e s s h o u l d b e a d d e d d u r i n gs a m p l i n g ; th e a d d i t i o n o f a c i d s s h o u l d b e p a r t i c u l a r l y a v o i d e d .

If the s a m p l e cannot be given ozone-UV treatment and f i l t e r e dw i t h i n 48 hours a f t e r a rr iva l at the a n a l y t i c a l l a b o r a t o r y , amounts( 1 m i l U l i t e r p e r l i t e r o f s a m p l e ) o f a p r e - f i l t e r e d 2.7U s o l u t i o no f mercuric c h l o r i d e s u f f i c i e n t t o g i v e a f i n a l c o n c e n t r a t i o n o f20 ppm of mercury may be a d d e d , to pr ev en t b a c t e r i a l growth.A p p r o p r i a t e care s h o u l d be taken when h a n d l i n g mercury compounds.
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A t a l l t i m e s a f t e r c o l l e c t i o n , i t i s recommended t h a t t h e s a m p l e ss h o u l d b e s t or ed i n t h e dark a n d r e f r i g e r a t e d a t about 5 ° C i norder t o m i n i m i z e b a c t e r i a l and a l g a l growth. The s a r t i c l e s s h o u l dno t b e a l l o w e d t o f r e e z e , s in c e th e e f f e c t s on a s b e s t o s f i b e rd i s p e r s i o n s are not known.
B e f o r e t h e s a m p l e h o t t l e s a r e o p e n e d , t h e e x t e r i o r s u r f a c e s s h o u l dbe t h o r o u g h l y washed and then r insed in f i b e r - f r e e wat er to a v o i di n a d v e r t e n t c o n t a m i n a t i o n o f the s a m p l e by m a t e r i a l w h i c h may beat tached to the b o t t l e s .

6. PROCEDURE
6 . 1 C l e a n l i n e s s a n d C o n t a m i n a t i o n C o n t r o l

I t i s most i m o o r t a n t t h a t a l l g l a s s w a r e a n d a p p a r a t u s b e c l e a n e dt h o r o u g h l y in order t o m i n i m i z e t h e p o s s i b i l i t y o f s p e c i m e nc o n t a m i n a t i o n . A l l p h a s e s o f t h e s p e c i m e n p r e p a r a t i o n s h o u l d b ec o n d u c t e d in the c l e a n room f a c i l i t i e s or in a l a m i n a r f l o w hood.G l a s s w a r e s h o u l d be c l eaned in an u l t r a s o n i c bath u s i n g a d e t e r g e n ts o l u t i o n . A f t e r t h i s , i t s h o u l d b e r i n s e d three t i m e s u s i n gf i b e r - f r e e water. A f t e r d r y i n g , e q u i p m e n t s h o u l d b e s t o r ed i nc l e a n c o n t a i n e r s a n d covered u s i n g a l u m i n u m f o i l o r p a r a f i l m . A Hg l a s s w a r e must be washed by the above pro c edur e b e f o r e each use.
6.2 O x i d a t i o n o f O r g a n i c s

O x i d a t i o n o f t h e h i q h m o l e c u l a r w e i o h t o r g a n i c c o m p o n e n t s i n w a t e rs a m o l e s p r i o - t o f i l t r a t i o n h a s been f o u n d nec e s sary i f p r e c i s e 'r e s u l t s a r e t o b e o b t a i n e d . A s b e s t o s f i b e r s have a n a f f i n i t y f o rthe s e o r g a n i c m a t e r i a l s . T h r e e s e p a r a t e e f f e c t s have beeni d e n t i f i e d whi ch r e s u l t f r o m t h i s a f f i n i t y a n d w h i c h give r i s e t os er ious errors i f t h i s o x i d a t i o n i s n o t carried out:
a ) a s b e s t o s f i b e r s a s s o c i a t e d w i t h o r g a n i c m a t e r i a l s t e n dt o adhere l o t h e c o n t a i n e r w a l l s ;

. b ) a s b e s t o s f i b e r s tend t o a g g r e g a t e w i t h o r g a n i cm a t e r i a l s ;
c ) f i b e r s embedded i n o r g a n i c m a t e r i a l a r e n o t t r a n s f e r r e dto the TEM specimen.

A l l three e f f e c t s g i v e r i s e t o l o w r e s u l t s . Befor e s u b - s a m p l e s a r et a k e n f r o m t h e b o t t l e i t i s n e c e s sary t o ensure t h a t a l l t h ep a r t i c u l a t e m a t e r i a l i s i n s u s p e n s i o n . T h e o roan i c m a t e r i a l a n da s s o c i a t e d f i b e r s must b e r e l e a s e d f r o m t h e c o n t a i n e r w a l l s . T h i scan be ach i eved by t r e a t i n g the wa t er s a m p l e in the o r i a i n a lc o l l e c t i o n c o n t a i n e r u s ino t h e o z o r e - u l t r a v i o l e t ( o z o n e - U V )t e c h n i q u e t o o x i d i z e t h e o r g a n i c m a t e r i a l s . H o w e v e r , i f a s a m p l ei s known to be f r e e of organic i n t e r f e r e n c e s the ozone-UV o x i d a t i o nmay not be r equ ired .
The e q u i p m e n t should be a s s embl ed as shown .n F i g u r e s 2 and 3.
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F i g u r e 2. D i a g r a m of Ozone-UV E q u i p m e n t .
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F i g u r e 3 . O z o n e - U V O x i d a t i o n o f W a t e r S a n p l e s i n G l a s s B o t t l e s . T h e ozones u p p l y l i n e ha s been s p l i t into two l i n e s t o p ermi t s i m u l t a n e o u so x i d a t i o n o f two s a m p l e s . A v a l v e and a f i l t e r h o l d e r ar ei n c o r p o r a t e d in each of the s u p p l y l i n e s to the s a m p l e s .

An a ir ex trac t t o remove s u r p l u s ozone i s r e q u i r e d . If i t i snece s sary to check that the ozone g enera t or 1s f u n c t i o n i n g w i t h i nthe s p e c i f i c a t i o n s , the o u t p u t can be v e r i f i e d by normal ch emi ca lm e t h o d s . A s u i t a b l e t e c h n i q u e 1s to b u b b l e the ozone t h r o u g h as o l u t i o n o f p o t a s s i u m I o d i d e a n d t o t i t r a t e t h e d i s p l a c e d i o d i n ew i t h s o d i u m t h i o s u l f a t e s o l u t i o n , u s i n g s tarch a s a n i n d i c a t o r .
B e f o r e t h e ozone-UV t r e a t m e n t , p l a c e each p o l y e t h y l e n e o r g l a s sb o t t l e c o n t a i n i n g t h e water s a m p l e i n t h e u l t r a s o n i c ba th f o r ap e r i o d o f 15 minu t e s . Mark the l e v e l o f the l i q u i d in the s a m p l eb o t t l e u s i n g a w a t e r p r o o f f e l t marker. T h e q u a r t z p i p e t s s h o u l d b et h o r o u g h l y washed b e f o r e each use, and i n s t a l l e d on the ozones u p p l y a s i n d i c a t e d s o tha t t h e t i p I s c l o s e t o t h e b o t t o m o f t h es a m p l e b o t t l e . T h e U V l a m p 1 s a l s o t h o r o u g h l y washed a n d thenimmersed in the s a m p l e and s w i t c h e d on.
At an ozone c o n c e n t r a t i o n of 42 in oxygen , t r e a t each s a m p l e w i t habout 1 l i t e r / m i n u t e o f ga s f or a p p r o x i m a t e l y 3 hours. At o therozone c o n c e n t r a t i o n s , a d j u s t t h e o x i d a t i o n t i m e s o t h a t each s a m p l ereceives about 10 grams of ozone. The gas f l o w ra t e s h o u l d be
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s u f f i c i e n t t o p r o d u c e a m i x i n g a c t i o n in the l i q u i d bu t s h o u l d no ts p l a s h s a m p l e ou t o f t h e c o n t a i n e r . It i s no t easy t o i n d i c a t ewhen o x i d a t i o n is c o m p l e t e , but t h i s treatment as d e s c r i b e d hasbeen f o u n d to be adequate for a l l water s a m p l e s so far h a n d l e d .W h e n o x i d a t i o n i s c o m p l e t e , remove the UV l a m p and quartz p i p e t ,re-cap the b o t t l e and p l a c e i t in the u l t r a s o n i c ba th for a p e r i o do f 1 5 minute s . T h i s a l l o w s p a r t i c u l a t e r e l ea s ed f r o m t h e o x i d i z e dorgan i c m a t e r i a l s and the c o n t a i n e r s u r f a c e s to be u n i f o m l yd i s p e r s e d throughout th e s a m p l e .
The water l eve l in the b o t t l e may have f a l l e n , due to e v a p o r a t i o nd u r i n g the o x i d a t i o n procedure. The l o s s o f volume s h o u l d be notedand can be accounted for i f i t i s s i g n i f i c a n t . The s a m p l e s h o u l dbe f i l t e r e d i m m e d i a t e l y a f t e r i t i s removed f r o m the u l t r a s o n i cbath.

6 . 3 F i l t r a t i o n
6.3.1 G e n e r a l

T h e s e p a r a t i o n o f s u s p e n d e d p a r t i c u l a t e b y f i l t r a t i o n o ft h e s a m p l e t h r o u g h a membrane f i l t e r i s a c r i t i c a l s t e p inth e a n a l y t i c a l proc edure . The o b j e c t i v e i s t o p r o d u c e aN u c l e p o r e f i l t e r o n w h i c h t h e s u s p e n d e d s o l i d s f r o m t h es a m p l e a r e d i s t r i b u t e d u n i f o r m l y , w i t h a m i n i m u m o fo v e r l a p p i n g o f p a r t i c l e s . T h e v o l u m e t o b e f i l t e r e dd e p e n d s on th e d i a m e t e r o f t h e f i l t r a t i o n e q u i p m e n t in use,t h e t o t a l s u s p e n d e d s o l i d s c o n t e n t o f t h e s a m p l e , a n d i nsome s a m p l e s t h e v o l u m e d e p e n d s on t h e f i b e r c o n c e n t r a t i o np r e s e n t .
T a b l e 1 shows t h e l i m i t a t i o n o f t h e a n a l y t i c a l s e n s i t i v i t yas a f u n c t i o n of the volume of water f i l t e r e d . Inp r a c t i c e , i t i s u s u a l l y f o u n d that the c onc en tra t i on o fs u s p e n d e d s o l i d s l i m i t s t h e f i l t r a t i o n volume. T h e maximump a r t i c u l a t e l o a d i n g on the f i l t e r w h i c h can be t o l e r a t e d i sabout 20 u g / c n r , w i t h an o p t i m u m v a l u e of about5 u g / c n r . where the c o n c e n t r a t i o n of su spended s o l i d s i sknown, the maximum volume which can be used may bee s t i m a t e d . U s u a l l y , however, n o t h i n g i s known about thes a m p l e and the best procedure i s to p r e p a r e several f i l t e r su s i n g d i f f e r e n t volumes o f th e s a m p l e . It ha s been f o u n dthat s u i t a b l e f i l t e r s a m p l e s d i s p l a y a f a i n t c o l o r a t i o n o ft h e s u r f a c e , and w i t h e xper i enc e over- loaded f i l t e r su s u a l l y can be r e cognized . The d e t e r m i n a t i o n of a s u i t a b l evolume to f i l t e r i s u s u a l l y a mat t er of t r i a l and error inthe a n a l y s i s o f s a m p l e s o f r e l a t i v e l y l ow t o t a l s u s p e n d e ds o l i d s bu t h i g h asbes tos concentrat ion.
N o a t t e m p t s h o u l d b e made t o f i l t e r s a m p l e v o l u m e s l e s sthan 10 ml for 25 mm d iame t e r e q u i p m e n t , and 50 ml for4 ? m m d i a m e t e r e q u i p m e n t . I f s m a l l e r v o l u m e s a r e f i l t e r e d
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T A B L E 1 . L I M I T A T I O N O F A N A L Y T I C A L S E N S I T I V I T Y B Y V O L U M E O F W A T E R S A M P L EF I L T E R E D
V o l u m e F i l t e r e d ( m L )

U s i n g 25 mm D i a m e t e rF i l t e r *

0.1

0.5
1.0
2.0
5.0

10

25

50

100

U s i n g 47 mm D i a m e t e rF i l t e r 3

0.6

2.8
5.7

11
28

1 57

142

285

570

A n a l y t i c a l S e n s i t i v i t y 1

( F i b e r s / L i t e r )

1.5 x 107

3.0 x 106

1.5 x 106

. 0.8 x 106

3.0 x 105

1.5 x 105

6.0 x 104

3.0 x 104

1.5 x 104

C o n c e n t r a t i o n c o r r e s p o n d i n g t o 1 f i b e r d e t e c t e d in 20 g r i d o p e n i n g s o fn o m i n a l 200 mesh g r i d ( a p p r o x i m a t e l y 80 urn square g r i d o o e n i n g s )
2 2A s s u m i n g A c t i v e F i l t e r Area o f 1.99 cm
3 2A s s u m i n g A c t i v e F i l t e r A r e a o f 11.34 c m
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i t i s d i f f i c u l t to ensure that a u n i f o r m d e p o s i t o fp a r t i c u l a t e w i l l b e o b ta ined on th e f i l t e r . S a m p l e s o fh i g h s o l i d s c o n t e n t , or o f h i g h f i b e r content , may requiref i l t r a t i o n o f vo lumes l e s s than these. S u c h s a m p l e s s h o u l dbe d i l u t e d w i t h f i b e r - f r e e water so that the v o l u m e sf i l t e r e d exceed t h e m i n i m a s p e c i f i e d . D i l u t i o n s s h o u l d b emade by t i a n s f e r r i n g a .known vo lume of the s a m p l e to ad i s p o s a b l e p l a s t i c beaker a n d m a k i n g u p t o a known v o l u m ew i t h f i b e r - f r e e water. T h e m i x t u r e s h o u l d b e s t i r r e dv i g o r o u s l y b e f o r e s u b - s a m p l i n g take s p l a c e .
6.3.2 F i l t r a t i o n Procedure

a ) T h e s a m p l e must b e f i l t e r e d i m m e d i a t e l y a f t e r t h eozone-UV a n d u l t r a s o n i c bath t r ea tment . I f f o rany reason the s a m p l e has been stored for morethan a f ew hours a f t e r t h e s e t r e a t m e n t s , i t i srecommended that ozone-UV o x i d a t i o n be r e p e a t e dfor a short p e r i o d of about 15 m i n u t e s , f o l l o w e dby an a d d i t i o n a l 15 m i n u t e s in the u l t r a s o n i cbath.
b) A s s e m b l e the f i l t r a t i o n base and turn on thevacuum. The u p p e r s u r f a c e o f th e f i l t r a t i o n base( b o t h t h e g l a s s f r i t a n d t h e ground m a t i n gs u r f a c e ) must be dry b e f o r e the membrane f i l t e r sare i n s t a l l e d . P l a c e a 0.45 urn pore s ize t y p e HAM i l l i p ' o r e f i l t e r o n t h e g l a s s f r i t . I f t h ef i l t e r a p p e a r s to become wet by c a p i l l a r y a c t i o non r e s i d u a l water in the g l a s s f r i t i t must bed i s c a r d e d a n d r e p l a c e d b y ano ther f i l t e r . P l a c ea 0.1 urn pore s i z e N u c l e p o r e f i l t e r , s h i n y s i d eu p , o n t o p o f t h e M i l l i p o r e f i l t e r . I f t h e• N u c l e p o r e f i l t e r becomes f o l d e d i t must b e' d i s c a r d e d a n d r e p l a c e d . T h e m a t i n g s u r f a c e o fthe reservoir component o f the f i l t r a t i o na p p a r a t u s ( t h e f u n n e l ) s h o u l d b e d r i e d by s h a k i n gof f any s u r p l u s water and d r a i n i n g on p a p e r towelor t i s sue. The f u n n e l s h o u l d be p o s i t i o n e d onthe f i l t e r s and f i r m l y c l a m o e d , t a k i n g care no tto d i s t u r b the f i l t e r s . The vacuum s h o u l d not bere l eased u n t i l th e f i l t r a t i o n ha s been c o m p l e t e d .

It 1s necessary to comment on the use off i l t r a t i o n equ ipmen t wh i ch i s s t i l l w e t a f t e rw a s h i n g , s ince i m p r o p e r p r o c e d u r e s a t t h i s p o i n tc a n very s e r i o u s l y c o m p r o m i s e t h e r e s u l t s . I ft h e q l a s s f r i t i s w e t when t h e M i l l i p o r e f i l t e ri s a p p l i e d t o i t , c a p i l l a r y a c t i o n w i l l r e s u l t i nsome areas o f t h e M i l l i p o r e f i l t e r s t ruc turebe ing f i l l e d b y water. W h e n t h e N u c l e p o r e f i l t e ri s a p p l i e d t o t h e s u r f a c e o f t h e M i l l i p o r e f i l t e r
22



a n d t h e vacuum I s a p p l i e d , t h e d i f f e r e n t i a lpre s sure across t h e M i l l l p o r e f i l t e r w i l l b ei n s u f f i c i e n t t o overcome t h e s u r f a c e t e n s i o n o ft h e water i n t h e f i l l e d areas. T h u s n of i l t r a t i o n w i l l t a k e p l a c e t h r o u g h t h ec o r r e s p o n d i n g areas o f t h e N u c l e o o r e f i l t e r , a n da g r o s s l y n o n - u n i f o r m d e p o s i t o f p a r t i c u l a t e w i l lbe o b t a i n e d .
c) Add the required v o l u m e o* s a m p l e water to thef i l t r a t i o n f u n n e l . D i s p o s a b l e p l a s t i c b e a k e r sand p i p e t s p r o v i d e a means o f m e a s u r i n g therequired s a m p l e vo lume w i t h o u t i n t r o d u c i n gp r o b l e m s o f s a m p l e c r o s s - c o n t a m i n a t i o n . T h ere servoir may not be s u f f i c i e n t l y l a r g e toaccommodate t h e t o t a l v o l u m e t o b e f i l t e r e d . I nt h i s case more o f the s a m p l e may be a d d e d d u r i n gthe. f i l t r a t i o n , b u t t h i s s h o u l d b e done c a r e f u l l yand o n l y when the r e s ervo ir i s more t h a n h a l ff u l l . I n t h i s w a y t h e a d d i t i o n w i l l n o t d i s t u r bo r a f f e c t t h e u n i f o r m i t y o f p a r t i c u l a t e a l r e a d yd e p o s i t e d o n t h e N u c l e p o r e f i l t e r . D o n o t r i n s et h e s i d e s o f t h e f u n n e l , a n d avo id o t h e rm a n i p u l a t i o n s w h i c h m a y d i s t u r b t h e p a r t i c u l a t ed e p o s i t o n t h e f i l t e r .

d ) D i s a s s e m b l e t h e f i l t r a t i o n u n i t , a n d t r a n s f e r t h eN u c l e p o r e f i l t e r t o a l a b e l l e d , c l e a n p e t r id i s h . S i n c e t h e N u c l e p o r e f i l t e r s a r e moree a s i l y h a n d l e d w h i l e t h e y a r e s t i l l w e t , i t i srecommended t h a t t h e s t r i p o f f i l t e r t o b e usedf o r T E M s a m o l e p r e p a r a t i o n s h o u l d b e c u t a sd e s c r i b e d i n S e c t i o n 6.4.2 b e f o r e t h e f i l t e r i sd r i e d . P l a c e t h e cover l oo s e^ over t h e d i s h t ol i m i t a n y d e p o s i t i o n o f d u s t o n t o t h e f i ' l t e r .D r y t h e f i l t e r under a n i n f r a - r e d heat l a m p f o r ashort t i m e b e f o r e c l o s i n g t h e p e t r i d i s hc o m p l e t e l y . D i s c a r d t h e M i l l i p o r e f i l t e r .
6 . 4 P r e p a r a t i o n o f E l e c t r o n M i c r o s c o p e G r i d s

P r e p a r a t i o n o f t h e gr id f or e x a m i n a t i o n in th e e l e c t r o n m i c r o s c o p ereou ir e s a h i g h d e g r e e o f manua l d e x t e r i t y a n d i s a c r i t i c a l s t e pi n t h e p r o c e d u r e . T h e o b j e c t i v e i s t o r e p l i c a t e t h e f i l t e r s u r f a c eb y d e p o s i t i o n o f a carbon f i l m a n d t h e n t o d i s s o l v e away t h e f i l t e ri t s e l f w i t h a m i n i m u m o f p a r t i c l e movement a n d b r e a k a g e o f t h ecarbon f i l m . T h e f i l t e r d i s s o l u t i o n p r o c e d u r e i s i l l u s t r a t e d i nF i g u r e 4.
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F i g u r e 4 . N u c l e p o r e D i s s o l u t i o n T e c h n i q u e

6.4.1 P r e p a r a t i o n o f J a f f e W a s h e r
P r e p a r e t h e J a f f e W a s h e r a s i l l u s t r a t e d i n F i a u r e 5 A . T h f cs t a i n l e s s s tee l mesh i s f o rmed i n t o a b r i d a e - s l i g h t l y l e s sthan 1 cm h i g h , and p l a c e d in a 10 cm d i a m e t e r g l a s s oetrid i s h w i t h a t i g h t f i t t i n g l i d . A narrow s t r i p o f l e n sc l e a n i n g t i s s u e i s p l a c e d over the b r i d g e w i t h each end o fthe t i s s u e e x t e n d i n g beyond the b r i d g e to the base of thep e t r i d i s h . T h e o ther d i m e n s i o n s o f t h e s t a i n l e s s s t e e lb r i d q e and the l e n g t h o f the l e n s t i s s u e are not c r i t i c a l ,but t h o s e s p e c i f i e d in F i g u r e 5A have been f o u n d to bes a t i s f a c t o r y . A f t e r t h e a s s e m b l y i s c o m p l e t e , f i l l t h ep e t r i d i s h w i t h c h l o r o f o r m t o a l e v e l j u s t b e l o w that o ft h e h o r i z o n t a l s u r f a c e o f t h e s t a i n l e s s s t e e l b r i d g e . I tmay be f o u n d that the c h l o r o f o r m c o n t a c t s the u n d e r s i d es u r f a c e o f the s t a i n l e s s s teel mesh; t h i s i s no t c r i t i c a l .Cover t h e p e t r i d i s h w i t h t h e l i d a n d t h e J a f f e W a s h e r i sready f o r use. Each t ime t h e J a f f e W a s h e r i s u s ed , t h el e n s t i s s u e and s o l v e n t s h o u l d be d i s c a r d e d and r e p l a c e dw i t h n e w l e n s t i s s u e a n d f r e s h s o l v e n t . A p p r o p r i a t ep r e c a u t i o n s s h o u l d b e t a k e n when h a n d l i n g c h l o r o f o r m .

6.4.2 S e l e c t i o n o f F i l t e r Area f o r Carbon C o a t i n g
P o l y c a r b o n a t e f i l t e r s a r e e a s i l y s t r e t c h e d d u r i n g h a n d l i n g ,and c u t t i n g o f areas f or f u r t h e r p r e p a r a t i o n must b ep e r f o r m e d w i t h qreat care. The best m e t h o d i s to use acurved edge s c a l p e l b l a d e t o c u t t h e f i l t e r w h i l e i t i s i n
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t h e p l a s t i c p e t r i d i s h . P r e s s t h e s c a l p e l p o i n t o n t h ef i l t e r a t t h e b e g i n n i n g o f t h e d e s i r e d cu t , and rock th eb l a d e d o w n w a r d s w h i l e m a i n t a i n i n g p r e s s u r e . I t w i l l b ef o u n d t h a t a c l e a n cu t i s o b t a i n e d w i t h o u t s t r e s s i n g o f th ef i l t e r . T h e p r o c e s s s h o u l d b e r e p e a t e d a l o n o a l l f o u rd i r e c t i o n s t o remove a r e c t a n g u l a r p o r t i o n f r o m the a c t i v ef i l t r a t i o n area o f t h e f i l t e r . T h i s f i l t e r p o r t i o n s h o u l dbe s e l e c t e d f r o m a l o n g a d i a m e t e r o f the f i l t e r , and s h o u l dbe about 3 mm wide by a m i n i m u m of 15 mm lonq. A r e a s c l o s eto the p e r i m e t e r of the a c t i v e f i l t r a t i o n area s h o u l d bea v o i d e d .
6.4.3 Carbon C o a t i n g o f t h e N u c l e p o r e F i l t e r

The ends o f t h e s e l e c t e d f i l t e r s t r i p s s h o u l d b e a t t a c h e dt o a g l a s s microscope s l i d e u s i n g d o u b l e - s i d e d a d h e s i v et a p e . T h i s must be p e r f o r m e d c a r e f u l l y to ensure tha t thef i l t e r s t r i p s l i e f l a t o n t h e s l i d e a n d a r e n o t s t r e t c h e d .The f i l t e r s t r i p s can be i d e n t i f i e d by u s i n g a wax p e n c i lon the g l a s s s l i d e . A f t e r i n s e r t i n g the necked carbon rodsinto the vacuum evapori::or, p l a c e the g l a s s s l i d e on thes a m p l e r o t a t i o n a n d t i l t i n g devic e . T h e s e p a r a t i o n betweenthe s a m p l e and the t i p s of the carbon rods s h o u l d be about7.5 cm to 10 cm.
If d e s i r e d , tre amount of carbon to be e v a p o r a t e d can bem o n i t o r e d i n s t r u m e n t a l l y so t h a t a t h i c k n e s s of about 30 nmto 50 nm i s d e p o s i t e d on the f i l t e r s t r i p s . A l t e r n a t i v e l y ,a p o r c e l a i n f r a g m e n t w i l l serve as a s i m p l e carbond e p o s i t i o n moni t or . P l a c e a s m a l l d r o p o f s i l i c o n ed i f f u s i o n . p u m p o i l o n t h e s u r f a c e o f a c l e a n f r a g m e n t o fw h i t e g l a z e d p o r c e l a i n . L o c a t e t h e p o r c e l a i n i n t h ee v a p o r a t i o n chamber w i t h t h e o i l d r o p l e t t o w a r d s t h e carbonrods and at a d i s t a n c e f r o m the carbon rods eaual to t h a ts e p a r a t i n g t h e rods f r o m t h e f i l t e r s t r i p s . C a r b o n w i l lnot d e p o s i t on the oil d r o p whereas it doe s on the o therareas o f t h e p o r c e l a i n . W i t h e x p e r i e n c e , t h e correctt h i c k n e s s can be m o n i t o r e d v i s u a l l y by o b s e r v a t i o n of thec o n t r a s t between the d a r k e n e d areas of the p o r c e l a i n andthe uncoated areas under the o i l d r o p .
Pumo down the e v a p o r a t i o n chamber to a vacuum b e t t e r than10 T o r r (0.013 Pa). Use of a l i q u i d n i t r o g e n c o l d t r a pabove t h e d i f f u s i o n p u m p w i l l m i n i m i z e t h e p o s s i b i l i t y o fc o n t a m i n a t i o n o f the f i l t e r s u r f a c e s by o i l f r o m thep u m p i n g system. C o n t i n u o u s l y r o t a t e a n d t i l t t h e c l a s ss l i d e h o l d i n g t h e f i l t e r s t r i p s , w h i l e t h u carbon i sevaporat ed in i n t e r m i t t e n t b u r s t s , a l l o w i n g the rods tocool between each e v a p o r a t i o n . This procedure i s necessaryt o avoid o v e r h e a t i n g o f t h e f i l t e r s t r i p s . O v e r h e a t i n gt e n d s t o c r o s s - l i n k ' t h e p o l y c a r b o n a t e wh i ch then becomesd i f f i c u l t t o d i s s o l v e i n c h l o r o f o r m .
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used f o r f i b e r c o u n t i n g a n d nost E D X A e x a m i n a t i o n s . T h ep r e p a r a t i o n o n t h e g o l d g r i d i s i n t e n d e d f o r E O X A work o nf i b e r s c o n t a i n i n g s o d i u m ^
P l a c e a p i e c e y f t h e c a r b o n - c o a t e d f i n e r , carbon s i d e >JQ,on t o th e s h i n y s i d e o f an e l e c t r o n m i c r o s c o p e g r i d . JsTngf i n e tweezer s , i ' c k u p t h e g r i d a n d M i t e r t o g e t h e r a n dp l a c e q u i c k l y o n t o t h e c h l o r o f o r m - s a t u r a t e d l e n s t i s s u e i nt h e J a f f e W a s h e r , a s shown i n F i g u r e S B . I t i s i m p o r t a n tt h a t t h e s a m p l e b e p l a c e d on th e l e n s t i s s u e q u i c k l y , s in c eh e s i t a t i o n w h i l e t h e s a m p l e i s e x p o s e d t o c h l o r o f o r m v a p o rw i l l cause i t t o c u r l . T h i s i s a s i m p l i f i e d t e c h n i a u ew h i c h doe s n o t i n v o l v e d r o p p i n g o f c h l o r o f o r m o n t o t h es a m p l e s .
S o m e c o m p o n e n t s o f t h e o o l y c a r b o n a t e f i l t e r s n o w a v a i l a b l ed i s s o l v e i n c h l o r o f o r m o n l y very s l o w l y . C o n s e a u e n t l y , t h eg r i d s r r j s t b e l e f t i n t h e J a f f e W a s h e r f o r l o n g e r t h a n 4d a y s , and the s o l v e n t nust he r e p l a c e d every day.D e p e n d i n g on th e p a r t i c u l a r l o t number o f t h e f i l t e r s , event h i s p e r i o d m a y b e i n s u f f i c i e n t t o y i e l d s a t i s f a c t o r y g r i d sc l e a r o f u n d i s s o l v s d c l a s t i c . I n t h i s event , o r i f a morer a p i d s a m p ' e p r e o a r a t i o n i s d e s i r e d , a f t e r a m i n i m u m p e r i o do f 3 0 m i n u t e s i n t h e J a f f e W a s h e r t h e l e n s p a p e r s u p p o r t i n gthe g r i d s ray be t r a n s f e r r e d to the c o n d e n s a t i o n washer asi l l u s t r a t e d i n F i g u r e 6 . T h e c o n d e n s a t i o n washer s h o u l dt h e n be o p e r a t e d for - p e r i o d of be tween 30 and 60 m i n u t e s ,a f t e r w h i c h t h e <;rids w i l l have been c l e a r e d o f r e s i d u a lp l a s t i c . T h e rate o f c o n d e n s a t i o n i n t h e washer i s n o tc r i t i c a l , o r o v i d e d t h a t c h l o r o f o r m d r i o s r a p i d l y f r o m t h ec o l d f i n g e r f o r t h e w h o l e o f t h e w a s h i n g p e r i o d a n d t h ec o n d e n s a t i o n l e v e l i s above t h e s a m p l e s .
Ourinq t h e d i s s o l u t i o n , i t i s recommended t h a t t h e g r i d sno t b e a l l o w e d t o dry s i n c e t h i s ha s been f o u n d t o o r e a t l yi n c r e a s e t h e t i m e r eou ir ed f o r c o m p l e t e d i s s o l u t i o n o f t h ep o l y c a r b o n a t e .

16.4.4 T r a n s f e r o f t h e F i l t e r t o E l e c t r o n ' - l i c r o s c c o e G r i d s
Remove t h e g l a s s s l i d e c a r r y i n g t h e f i l t e r s t r i p s f r o n t h e - 'e v a p o r a t o r , and u s i n g the t e c h n i q u e d e s c r i b e d in 6.4.2 cutf o u r o i e c e s s l i g h t l y l e s s t h a n about 3 .TO x 3 mm in s i z ef r o m each f i l t e r s t r i p . T h e souare o f f i l t e r s h o u l d * i tw i t h i n t h e c i r c u m f e r e n c e o f a n e l e c t r o n micr c s c oo e g r i d .T h r e e of the f i l t e r p i e c e s are to be oreo-srad on 200 mesh •c o p p e r g r i d s , and u n l e s s the a n a l y s i s i s t o b e f or ;c h r y s o t i l e o n l y , a f o u r t h p i e c e s h o u l d be p r e p a r e d on a 200 ".mesh g o l d g r i d . Tne s p e c i m e n s p r e p a r e d on coooer g r i d s ar e H
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• F i g u r e 6. C o n d e n s a t i o n W a s h e r .

6.5 E x a m i n a t i o n by E l e c t r o n M i c r o s c o p y
6.5.1 M i c r o s c o p e A l i g n m e n t a n d M a g n i f i c a t i o n C a l i b r a t i o n

A l i g n t h e e l e c t r o n micro s cope ac cord inq t o t h es p e c i f i c a t i o n s o f the m a n u f a c t u r e r . I n i t i a l l y , and atr e g u l a r i n t e r v a l s , carry out a c a l i b r a t i o n of the twom a g n i f i c a t i o n s used f o r t h e a n a l y s i s ( a o o r o x i m a t e l y 20,000a n d 2,000) u s i n g a d i f f r a c t i o n g r a t i n o r e p l i c a . T h ec a l i b r a t i o n s h o u l d a l w a y s b e r e p e a t e d a f t e r any ,I n s t r u m e n t a l m a i n t e n a n c e or change o f o p e r a t i n g c o n d i t i o n s .The m a g n i f i c a t i o n of the screen image is not the same asthat o b t a i n e d on p h o t o g r a p h i c p l a t e s o r f i l m . The r a t i obetween these i s u s u a l l y a constant v a l u e for theinstrument. It i s most i m p o r t a n t tha t b e f o r e them a o n i f i c a t i o n c a l i b r a t i o n i s carried ou t the s a m p l e he iohti s a d j u s t e d so that the s a m p l e i s in the e u c e n t r i c p o s i t i o n .
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6 . 5 . 2 C a l i b r a t i o n o f E D X A S y s t e m
T h e p u r p o s e o f t h e c a l i b r a t i o n i s t o e n a b l e Q u a n t i t a t i v ec o m p o s i t i o n d a t a , at an accuracy of about 1C£ of thee l e m e n t a l c o n c e n t r a t i o n , t o b e o b t a i n e d f r o m E D X A s p e c t r ao f s i l i c a t e m i n e r a l s i n v o l v i n g t h e e l e m e n t s s o d i u m ,m a g n e s i u m , a l u m i n u m , s i l i c o n , p o t a s s i u m , c a l c i u m , mancare s ea n d iron. I f q u a n t i t a t i v e d e t e r m i n a t i o n s a r e r e q u i r e d f o rm i n e r a l s c o n t a i n i n g o t h e r e l e m e n t s , s u i t a b l e c a l i b r a t i o ni n f o r m a t i o n may b e i n c o r p o r a t e d in th e c o m p u t e r a n a l y s i s .T h e w e l l - c h a r a c t e r i z e d s t a n d a r d s recommended oemitc a l i b r a t i o n o f a n y T E M - E D X A c o m b i n a t i o n w h i c h meets t h ei n s t r u m e n t a l s p e c i f i c a t i o n s o f S e c t i o n 4.2, s o t h a t d a t af r o m d i f f e r e n t i n s t r u m e n t s c a n b e c ompared . T h e s t a n d a r d sused f o r c a l i b r a t i o n , a n d t h e e l e m e n t s w h i c h t h e yr e p r e s e n t , are shown in T a b l e 2.

T A B L E 2 . S I L I C A T E M I N E R A L S T A N D A R D S
E l e m e n t s

N a , F e , S i
M g . S i
A 1 , S i
K , S i
C a , S i
M n , S i -

M i n e r a l S t a n d a r d
R i e b e c k i t e
C h r y s o t i l e
H a l l o y s i t e
P h l o g o p i t e
W o l l a s t o n i t e
Bus tami te

The c o m p o s i t i o n s o f th e s e s t a n d a r d s have been d e t e r m i n e d bymicroprobe a n a l y s i s , and th e TEM g r i d s were p r e p a r e d f r o mf r a g m e n t s c f t h e same s e l e c t e d m i n e r a l s p e c i m e n s . T h e yp e r m i t the c o m p u t e r program of A p p e n d i x A to be used w i t ha n y T E M - E O X A sys t em.
P l a c e t h e f i r s t g r i d i n t o t h e m i c r o s c o p e , f o r m a n i m a g e a tthe c a l i b r a t e d h i g h e r m a g n i f i c a t i o n of about 20,000, arda d j u s t t h e s p e c i m e n h e i g h t t o t h e e u c e n t r i c p o i n t . T i l tthe s p e c i m e n t oward s the X - r a y d e t e c t o r as reouired by thei n s t r u m e n t geometry. S e l e c t a n i s o l a t e d f i b e r o r p a r t i c l el e s s t h a n 0.5 urn in w i d t h , and a c c u m u l a t e an EDXA s p e c t r u mu s i n g a n e l e c t r o n prob e o f s u i t a b l e d i a m e t e r . W h e n a w e l ld e f i n e d s p e c t r u m h a s been o b t a i n e d , o e r f o m a n a p p r o p r i a t eb a c k g r o u n d s u b t r a c t i o n a n d o b t a i n t h e n e t oeak areas f o reach e l e m e n t l i s t e d , u s i n g e n e r g y w i n d o w s c e n t e r e d o n t h e
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p e a k s and about 130 eV w i d e . C o m p u t e the r a t i o of the p e a karea f o r each s p e c i f i e d e l ement r e l a t i v e t o t h e p e a k areafor s i l i c o n . Repeat th e pro c edur e f or about 20 p a r t i c l e so f each minera l s t a n d a r d . A n a l y s e s o f a n y o bv i ou s f o r e i g np a r t i c l e s s h o u l d be r e j e c t e d , and the d a t a f r o m any ones t a n d a r d s h o u l d b e r e a s o n a b l y s a l f - c o n s i s t e n t . C a l c u l a t et h e a r i t h m e t i c mean p e a k area r a t i o s f o r each s p e c i f i e de l e m e n t o f each m i n e r a l s t a n d a r d . T h e s e v a l u e s a r erequired i n i t i a l l y a s i n p u t f o r t h e f i b e r i d e n t i f i c a t i o np r o g r a m , and apart f r o m o c c a s i o n a l r o u t i n e checks to ensuret h a t there has been no d e g r a d a t i o n of the d e t e c t o rr e s o l u t i o n , the c a l i b r a t i o n need not be r e p e a t e d u n l e s sth er e has been a c h a n g e of i n s t r u m e n t a l o p e r a t i n gc o n d i t i o n s .
6.5.3 Q r i d P r e p a r a t i o n A c c e p t a b i l i t y

I n s e r * . t h e s p e c i m e n g r i d i n t o th e e l e c t r o n m i c r o s c o p e anda d j u s t th e m a g n i f i c a t i o n t o a v a l u e s u f f i c i e n t l y l ow (300 r1000) so vhat c o m p l e t e g r i d o p e n i n g s can be i n s p e c t e d .Examine at l e a s t 10 gr id o p e n i n g s to e v a l u a t e the f i b e r andt o t a l p a r t i c u l a t e l o a d i n g s , t h e u n i f o r m i t y o f t h ep a r t i c u l a t e d e p o s i t , and the ex t ent t o w h i c h the carbonf i l m 1 s unbroken. T h e g r i d must b e r e j e c t e d f r o m f u r t h e ra n a l y s i s i f :
a ) t h e g r i d i s t o o h e a v i l y l o a d e d w i t h f i b e r s t o p e r f o r man accurate count. A c c u r a t e counts cannot bep e r f o r m e d i f th e g r i d ha s more t h a n about 50 f i b e r sper gr id o p e n i n g . A new gr id p r e p a r a t i o n must be madeu s i n g e i t h e r a s m a l l e r v o l u m e o f w?ter or a s u i t a b l ev o l u m e o f t h e water d i l u t e d w i t h f i b e r - f r e e w a t e r ;
b ) t h e o v e r a l l d i s t r i b u t i o n o f t h e d e p o s i t e d d e b r i s i sn o t i c e a b l y non-uni form. A new qrid p r e p a r a t i o n mustb e m a d e , p a y i n g p a r t i c u l a r a t t e n t i o n t o p r o p e rp a r t i c u l a t e d i s p e r s a l a n d f i l t r a t i o n p r o c e d u r e s ;
c ) t h e g r i d i s t o o h e a v i l y l o a d e d w i t h d e b r i s t o a l l o we x a m i n a t i o n o f i n d i v i d u a l p a r t i c l e s b y S A E D a n d E D X A .A new g r i d p r e p a r a t i o n must be made u s i n g e i t h e r as m a l l e r volume of water or a d i l u t i o n of the o r i g i n a lwater s a m p l e ;
d ) a l a r g e p r o p o r t i o n o f t h e g r i d o p e n i n g s have brokencarbon f i l m . S i n c e t h e b r e a k a g e i s u s u a l l y moref r e q u e n t in areas of heavy d e p o s i t , c o u n t i n g of thei n t a c t o p e n i n g s c o u l d l e a d t o b i a s e d r e s u l t s .T h e r e f o r e , a new gr id p r e p a r a t i o n must be made f r o m amore c o m p l e t e l y d i s p e r s e d s a m p l e , a reduced v o l u m e o fs a m p l e , or a l t e r n a t i v e l y , a t h i c k e r carbon f i l m may benecessary t o s u p p o r t t h e l a r g e r p a r t i c l e s .
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6.5.4 P r o c e d u r e f o r F i b e r C o u n t i n g
The number of *ibers to be c oun t ed d e p e n d s on thes t a t i s t i c a l p r e c i s i o n d e s i r e d . I n t h e absence o f f i b e r s ,the area of the e l e c t r o n microscooe g r i d s wh i ch must bee x a m i n e d d e p e n d s o n t h e a n a l y t i c a l s e n s i t i v i t y r e q u i r e d .F o r s t a t i s t i c a l r ea son s , d i s c u s s e d i n S e c t i o n 7.2, t h ef i b e r s on a minimum of 4 gr id o p e n i n g s must be c oun t ed .T h e p r e c i s i o n o f t h e f i b e r count d e p e n d s n o t o n l y o n t h et o t a l rrjmber of f i b e r s c o u n t e d , but a l s o on t h e i ru n i f o r m i t y f r o m o n e g r i d o p e n i n g t o t h e n ex t . I n p r a c t i c e ,i t has been f o u n d t h a t t e r m i n a t i o n of the f i b e r count at aminimum of 100 f i b e r s or 20 g r i d o p e n i n g s , whichever occursf i r s t , y i e l d s r e s u l t s w h i c h u s u a l l y require n o f u r t h e rr e f i n e m e n t . A d d i t i o n a l f i b e r c o u n t i n g w i l l b e n e c e s s ary i fgreater p r e c i s i o n i s required.
At l ea s t three g r i d s prepared f r o m the f i l t e r must be usedin the f i b e r count. S e v e r a l g r i d o o e n i n g s are to bes e l e c t e d f r o m each g r i d , a n d t h e d a t a a r e a l l i n c o r p o r a t e di n t h e c a l c u l a t i o n o f t h e r e s u l t s . T h i s p e r m i t s t h emeasurements to be s p r e a d across a d i a m e t e r of the o r i g i n a lf i l t e r , s o that any gro s s d e v i a t i o n s f r o m a u n i f o r md e p o s i t i o n o f f i b e r s s h o u l d b e d e t e c t e d .
F i g u r e s 7 and 8 show s p e c i m e n f i b e r c o u n t i n g raw d a t ash e e t s w h i c h r e p r e s e n t t h e m i n i m u m s t a n d a r d o f d a t ar e p o r t i n g f o r t h i s a n a l y t i c a l p r o c e d u r e . F i g u r e 7 shewsp a g e 1 o f th e raw d a t a t a b u l a t i o n , wh i ch c o n t a i n s a l ls p e c i m e n p r e o a r a t i o n d e t a i l s . F i g u r e 3 i s a c o n t i n u a t i o nsheet f o r t h e f i b e r c l a s s i f i c a t i o n a n d measurement d a t a ;several of the s e s h e e t s may be r equ i r ed for a n a l y s i s o f as a m p l e .
S e l e c t a t y p i c a l g r i d o p e n i n g f r o m o n e o f t h e g r i d s . S e tt h e m a g n i f i c a t i o n t o t h e c a l i b r a t e d h i g h e r v a l u e ( a b o u t20,000). A d j u s t t h e s a m p l e h e i g h t u n t i l t h e f e a t u r e s - i nthe c en t er of the screen are at the e u c e n t r i c p o i n t . C h e c kthat the gon iome t e r t i l t i s set at zero. Reduce them a a n i f i c a t i o n t o th e l ower c a l i b r a t e d v a l u e o f about 2,000.M e a s u r e b o th d i m e n s i o n s o f t h e g r i d o p e n i n g i m a g e i nm i l l i m e t e r s , u s i n g the m a r k i n g s on the f l u o r e s c e n t screen.In c o l u m n s 1 and 2 s p e c i f y t h e s e q u e n t i a l number o f t h egr id o p e n i n g , and i t s d i m e n s i o n s . T h e s e two c o l u m n s ar en o t used a g a i n u n f l l f i b e r c o u n t i n g i s commenced i n t h enext g r i d o p e n i n g t o b e e x a m i n e e . A d j u s t t h e m a g n i f i c a t i o nto the u p p e r c a l i b r a t e d v a l u e , c l o s e to 20,000, andp o s i t i o n the g r i d o o e n i n g so t h a t one corner i s v i s i b l e onthe screen. Move the image by a d j u s t m e n t of o n l y onet r a n s l a t i o n c o n t r o l , c a r e f u l 1 " e x a m i n i n g t h e s a m p l e f o rf i b e r s , u n t i l t h e o p p o s i t e s i d e o f t h e o p e n i n g i sencountered. Move the image by one screen w i d t h u s i n g the
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other t r a n s l a t i o n c o n t r o l , and then scan the ir.aqe in thereverse d i r e c t i o n . C o n t i n u e in t h i s manner u n t i l t h een t i r e gr id o p e n i n g has been i n s p e c t e d . W h e n a f i b e r i sd e t e c t e d , c l a s s i f y i t a c c ord ing t o t h e pro c edure s d e s c r i b e din S e c t i o n 6.7, and then insert the a p p r o p r i a t ec l a s s i f i c a t i o n on the d a t a sheet. Measure the l e n g t h andw i d t h o f the f i b e r imaqe in m i l l i m e t e r s and record the s e irthe a p p r o p r i a t e c o l u m n s of the d a t a sheet. Do not recordf i b e r s o f o bv i ou s b i o l o g i c a l o r i g i n o r d i a t o m f r a g m e n t s .C o n t i n u e the e x a m i n a t i o n u n t i l 100 f i b e r s have beenrecorded in al l c l a s s i f i c a t i o n c a t e g o r i e s o f i n t e r e s t , oru n t i l 20 g r i d op en ina s have been i n s p e c t e d . The d a t ashou ld be drawn a p p r o x i m a t e l y e a u a l l y f r o m the threeg r i d s . I n a l l s a m p l e s , f i b e r s o n a m i n i m u m o f 4 g r i do p e n i n g s must be c oun t ed . F i b e r s l e s s t h a n 0.5 urn inl e n g t h w i l l n o t b e i n c o r p o r a t e d i n t h e f i b e r c o n c e n t r a t i o nc a l c u l a t i o n .
6.5.5 E s t i m a t i o n o f M a s s C o n c e n t r a t i o n

I f t h e p r i m a r y o b j e c t i v e o f t h e a n a l y s i s i s t o d e t e r m i n et h e mass c o n c e n t r a t i o n , t h e f i b e r c o u n t i n g s h o u l d b ea p p r o a c h e d in a d i f f e r e n t manner. The number o f f i b e r sw h i c h must be counted in order to achieve a r e l i a b l ee s t i m a t e o f t h e mass c o n c e n t r a t i o n d e p e n d s p r i m a r i l y uponthe range o f th e f i b e r d i a m e t e r d i s t r i b u t i o n . The massc o n c e n t r a t i o n measurement i s most s e n s i t i v e to f i b e r s o fl a r g e d i a m e t e r , wh i ch u n f o r t u n a t e l y a r e among those w h i c hoccur i n f r e q u e n t l y . W h e n t h e d i a m e t e r d i s t r i b u t i o n i snarrow, such as tha t f o u n d in the case of c h r y s o t i l ef i b r i l s , then t h e mass c o n c e n t r a t i o n h a s a p p r o x i m a t e l y t h esame p r e c i s i o n as that of the number concentra t ion.H o w e v e r , the mass c o n c e n t r a t i o n may be a c t u a l l y m e a n i n g l e s swhen c a l c u l a t e d f r om a low number o f f i b e r s observed d u r i n ga r o u t i n e f i b e r count, i f these f i b e r s have a broadd i s t r i b u t i o n o f w i d t h s .
If the mass concentrat ion i s the p r i m a r y i n t e r e s t , and thep r e c i s i o n required i s greater than i s p o s s i b l e f r o m thenormal f i b e r count, a d i f f e r e n t a p p r o a c h t o the f i b e r countmust b e used. I n i t i a l l y , e s t a b l i s h the l ara e s t w i d t h o ff i b e r w h i c h can be d e t e c t e d on the g r i d by a cursorysurvey, at a r educed m a g n i f i c a t i o n , of a l a r g e number ofg r i d o p e n i n g s (abou t 50). C a l c u l a t e t h e v o l u m e o f t h i sf i b e r . A d j u s t the m a g n i f i c a t i o n to a v a l u e such that aw i d t h of 1 mm on the screen c o r r e s p o n d s to 10% of the w i d t hof the p r e v i o u s l y s e l e c t e d larqe f i b e r . Carry out arou t ine f i b e r count for a minimum of 100 f i b e r s , r e c o r d i n go n l y f i b e r i m a g e s g r e a t e r t h a n 1 mm in w i d t h . C o n t i n u ec o u n t i n g u n t i l the t o t a l v o l u m e o f f i b e r s i s a t l e a s t 10t i m e s t h e volume o f t h e o r i g i n a l l y s e l e c t e d l a r g e f i b e r .The p r e c i s i o n and accuracy of t h i s t e c h n i q u e has not been
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i n v e s t i g a t e d f u l l y , b u t f o r s a m p l e s w i t h broad w i d t hd i s t r i b u t i o n s i t i s c a p a b l e o f y i e l d i n g s i g n i f i c a n t l y morep r e c i s e mass d e t e r m i n a t i o n s t h a n a r e o b t a i n a b l e b y t h ec o n v e n t i o n a l f i b e r count.
T h e r e m a i n i n g p r o b l e m concerns t h e a s s u m p t i o n t h a t t h ew i d t h s a l s o r e p r e s e n t t h e t h i c k n e s s e s o f t h e f i h e r s .M e a s u r e m e n t s o f p a r t i c l e t h i c k n e s s e s can b e m a d es e p a r a t e l y , u s i n g t h e s h a d o w c a s t i n g t e c h m ' o u e . B e f o r e t h ef i l t e r i s carbon c o a t e d , a p p l y a vacuum c o a t i n g o fp l a t i n u m - c a r b o n or g o l d t o t h e a c t i v e s u r f a c e o f t h eN u c l e p o r e f i l t e r a t a n a n g l e o f 4 5 ° . i n t h e T E M , t h ef i b e r s w i l l th en d i s p l a y s h a d o w s o n t h e carbon f i l m w h i c ha p p r o x i m a t e t o t h e i r t h i c k n e s s e s . S u i t a b l e t e c h n i q u e s f o rs h a d o w i n g are d e s c r i b e d in the oaoer by D.E. B r a d l e yi n c l u d e d . n t h e S e l e c t e d B i b l i o g r a p h y .

6 . 6 F i b e r C o u n t i n g C r i t e r i a
6.6.1 F i b e r C o u n t i n g M e t h o d

F i b e r c o u n t i n g w i t h t h i s a n a l y t i c a l me thod w i l l b ep e r f o r m e d o n l y b y t h e a r i d o p e n i n g t e c h n i q u e . I f as p e c i m e n g r i d i s t o o h e a v i l y l o a d e d f o r e x a m i n a t i o n o fe n t i r e g r i d o p e n i n g s , a more r e l i a b l e r e s u l t i s o b t a i n e d b yp r e p a r a t i o n o f a n e w f i l t e r , u s i n g a s m a l l e r v o l u m e o fs a m p l e .
6.6.2 F i b e r s W h i c h T o u c h G r i d Bars

A f i b e r w h i c h i n t e r s e c t s a g r i d b a r w i l l b e c ount ed o n l yf o r t w o s i d e s o f t h e g r i d o p e n i n g , a s i l l u s t r a t e d i nF i g u r e 9 . T h e l e n g t h o f t h e f i b e r w i l l b e r e c o r d e d a st w i c e t h e v i s i b l e l e n g t h . F i b e r s i n t e r s e c t i n g e i t h e r o ft h e o t h e r t w o s i d e s w i l l n o t b e i n c l u d e d i n t h e count .

F i g u r e 9 . C o u n t i n g o f F i b e r s W h i c h O v e r l a p G r i d B a r s .
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T h i s p ro c edur e ensures that the numerical count w i l l b ea c c u r a t e , and t h a t th e best average e s t i m a t e o f l e n g t h ha sbeen made.
6.6.3 F i b e r s W h i c h E x t e n d O u t s i d e t h e F i e l d o f V i e w

D u r i n g s c a n n i n g o f a g r i d o p e n i n g , f i b e r s which e x t endo u t s i d e o f t h e f i e l d o f view must b e c ount ed s y s t e m a t i c a l l yto avo id d o u b l e - c o u n t i n g . In g e n e r a l , a r u l e must bee s t a b l i s h e d s o t h a t f i b e r s e x t e n d i n g o u t s i d e t h e f i e l d o fview in o n l y two Q u a d r a n t s ar e c o u n t e d . F i b e r s w i t h o u tt e r m i n a t i o n s in the f i e l d o f view must no t b e c oun t ed . Thep r o c e d u r e i s i l l u s t r a t e d by F i g u r e 10 . The l e n g t h o f eachf i b e r c o u n t e d i s e s t a b l i s h e d by m o v i n g th e s a m p l e , and thenr e t u r n i n g t o t h e o r i g i n a l f i e l d o f view b e f o r e s c a n n i n g i sc o n t i n u e d .

F i g u r e 1 0 . C o u n t i n g o f F i b e r s W h i c h Ex t end O u t s i d e t h e F i e l d o f V i e w .

6.6.4 F i b e r s w i t h S t e p p e d S i d e s
A f i b e r w i t h s t e p p e d s i d e s w i l l b e a s s ianed a w i d t h mid-wayb e twe en the m i n i m u m and m a x i m u m w i d t h s .
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6.6.5 F i b e r B u n d l e s
A f i b e r b u n d l e c o n p o s e d o f nany o a r a l l e l f i b e r s w i l l b ecounted a s a s i n q l e f i b e r o f a w i d t h e n u a l t o an e s t i m a t eo f t h e mean b u n d l e w i d t h . F i g u r e 11 shows exai^es o f t h eproc edure .

F i g u r e 1 1 . C o u n t i n g a n d M e a s u r e m e n t o f F i b e r B u n d l e ' s . E a c h b u n d l e t o b ec o u n t e d a s on e f i b e r w i t h d i m e n s i o n s a s i n d i c a t e d by arrows.

6.6.6 A g g r e g a t e s o f R a n d o m l y O r i e n t e d F i b e r s
T h e s t r u c t u r e o f a n a g q r e o a t e o f r a n d o m l y o r i e n t e d f i b e r sm a y b e s u f f i c i e n t l y v i s i b l e t h a t t h e c o n s t i t u e n t f i b e r s c a nb e c o u n t e d . T h i s i s i l l u s t r a t e d i n F i o u r e 1 2 . I n t h i s

ecu*- AS s COUNT AS 3
F i g u r e 1 2 . C o u n t i n g o f F i b e r A g g r e g a t e s .
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case i n d i v i d u a l f i b e r s w i l l b e r e c o rd ed . W h e r e t h e f i b e ra g g r e g a t e i s t o o l a r g e a n d c o m p l e x t o count each i n d i v i d u a lf i b e r , t h e i d e n t i f i c a t i o n a n d a o g r e g a t e d i m e n s i o n s w i l l b er e c o r d e d , but i t w i l l not be i n c o r p o r a t e d in the f i b e rcount and mass c a l c u l a t i o n s .
6.6.7 F i b e r s A t t a c h e d t o N o n - F i b r o u s D e b r i s

A f i b e r may be a t t a c h e d to, or p a r t i a l l y c o n c e a l e d by, ap a r t i c l e o f n o n - f i b r o u s d e b r i s . I f t w o end s a r e v i s i b l ewhich a p p e a r to be the ends o f a s i n g l e f i b e r , the f i b e rw i l l b e c o u n t e d . W h e r e o n l y one end o f a f i b e r i s v i s i b l e ,t h e f i b e r w i l l b e c o u n t e d a s a s i n g l e f i b e r h a v i n g a l e n a t hequal t o t w i c e t h e v i s i b l e l e n g t h , e x c e p t where t h i s w o u l dp l a c e t h e c o n c e a l e d e n d o u t s i d e o f t h e p a r t i c l e . I n t h i scase t h e l e n g t h w i l l b e r e corded a s t h e v i s i h l e l e n g t h p l u st h e e x t e n s i o n o f 1 t t o t h e o p p o s i t e s i d e o f . t h e p a r t i c l e .E x a m p l e s o f the p r o c e d u r e are shown in F i g u r e 13. T h e r emay be more than one f i b e r a t t a c h e d to a s i n g l e p a r t i c l e ofd e b r i s ; each one s h o u l d b e c o u n t e d . If an a s s e m b l y o ff i b e r s and p a r t i c l e s i s t o o c o m p l e x t o treat in t h i s way,the o v e r a l l d i m e n s i o n s s h o u l d b e r e c o r d e d , bu t the a s s e m b l ys h o u l d not be i n c o r p o r a t e d in the f i b e r count and massc a l c u l a t i o n s .

F i g u r e 1 3 . C o u n t i n g a n d M e a s u r e m e n t o f F i b e r s A t t a c h e d t o N o n - F i b r o u s D e b r i s .

6 . 7 F i b e r I d e n t i f i c a t i o n Procedure s
6.7.1 G e n e r a l

B e f o r e i t i s i n c o r p o r a t e d i n t o th e f i b e r c oun t , eachp a r t i c l e w i t h an a spec t r a t i o of 3 to 1 or g r e a t e r and noto f o b v i o u s l y b i o l o g i c a l o r i q i n must b e i d e n t i f i e d a c c o r d i n gt o d e f i n e d c r i t e r i a . I t i s r e c o g n i z e d t h a t economicc o n s i d e r a t i o n s - u s u a l l y p r e c l u d e u n e q u i v o c a l i d e n t i f i c a t i o no f every f i b e r r e p o r t e d . I n t h i s a n a l y t i c a l m e t h o d , t h e
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requirement f o r u n e q u i v o c a l i d e n t i f i c a t i o n i s l i m i t e d t o as m a l l o r o p o r t i o n o f t h e f i b e r s i n order t o d e m o n s t r a t e t h epre s ence o f t h e p a r t i c u l a r s p e c i e s . T h e p r o p o r t i o n o ff i b e r s e x a m i n e d f o r u n e q u i v o c a l i d e n t i f i c a t i o n w i l l b es t a t e d in the a n a l y t i c a l r e s u l t . The r emainder o f th ef i b e r s a r e then c l a s s i f i e d o n t h e h a s i s o f c r y s t a ' l o q r a o h i cor c h e m i c a l s i m i l a r i t y , o r b o t h , t o t h e i d e n t i f i e d f i b e r s .I f o n l a t e r e x a m i n a t i o n i t i s c o n s i d e r e d n e c e s s a r y t op e r f o r m a more c o m p l e t e a n d r igorou s i d e n t i f i c a t i o n ,a d d i t i o n a l f i b e r s m a y b e e x a m i n e d i n nore d e t a i l t o c o n f i r mc o n c l u s i o n s based o n t h e f i b e r c l a s s i f i c a t i o n d a t a .
I n g e n e r a l , i t w i l l b e f o u n d t h a t f o r v a r i o u s i n s t r u m e n t a lr ea s on s i t may b e i m p o s s i b l e t o i d e n t i f y a s p e c i f i c f i b e > -c o m p l e t e l y , even t h o u g h th e f i b e r may b e o f a w e l l -c h a r a c t e r i z e d var i e ty . I t i s , n e v e r t h e l e s s , i m p o r t a n t t orecord th e d egr e e t o w h i c h th e p r o c e d u r e s were s u c c e s s f u li n c l a s s i f i c a t i o n o r i d e n t i f i c a t i o n o f a p a r t i c u l a r f i b e r .

6.7.2 S A E D a n d E D X A T e c h n i q u e s
F i b e r s a r e i n i t i a l l y c l a s s i f i e d i n t o t w o c a t e g o r i e s o n t h eb a s i s o f m o r p h o l o g y : t h o s e f i b e r s w i t h t u b u l a r m o r p h o l o g y ,a n d t h o s e f i b e r s w i t h o u t t u b u l a r m o r p h o l o g y . F u r t h e ra n a l y s i s o f each f i b e r i s c o n d u c t e d u s i n g S A E D a n d E D X Am e t h o d s . A l t h o u g h t h e p r e c i s e t e c h n i a u e s a n dc l a s s i f i c a t i o n p r o c e d u r e s a r e s p e c i f i e d i n S e c t i o n s 6.7.4- and 6.7.5, some g e n e r a l g u i d a n c e on the use of SAED andEDXA method s i s g i v e n here.
The c r y s t a l s t r j c t u r e o f some m i n e r a l f i b e r s , such a sc h r y s o t i l e , i s e a s i l y d e g r a d e d b y t h e h i g h currentd e n s i t i e s required f o r E O X A e x a m i n a t i o n . T h e r e f o r e , S A E Di n v e s t i g a t i o n o f t h e s e s e n s i t i v e f i b e r s must b e c o m p l e t e db e f o r e a t t e m o t s a r e made t o o b t a i n E D X A s p e c t r a . W h e ne x a m i n i n g more s t a b l e f i b e r s , such a s tr ie a n p h i b o l e s , t h eorder o f work i s u n i m p o r t a n t .
T h e S A E D t e c h n i q u e c a n b e e i t h e r o u a l i t a t i v e o rq u a n t i t a t i v e . Q u a l i t a t i v e S A E D c o n s i s t s o f v i s u a le x a m i n a t i o n o f t h e p a t t e r n o b t a i n e d o n t h e "ncroscooescreen f r o m a r a n d o m l y o r i e n t e d f i b e r . S A E D p a t t e r n so b t a i n e d f r o m f i b e r s w i t h c y l i n d r i c a l s y m m e t r y , such a sc h r y s o t i " ! e , are an e x c e p t i o n s ince they are not s e n s i t i v et o a x i a l t i l t , a n d o a t t e r n s f r o m r a n d o m l y o r i e n t e d f i b e r sc a n b e i n t e r p r e t e d q u a n t i t a t i v e l y . F o r n o n - c y l i n d r i c a lf i b e r s , q u a n t i t a t i v e ( z o n e a x i s ) S A E O requ ir e s a l i g n m e n t o ft h e f i b e r s o t h a t a p r i n c i p a l c r y s t a l l o g r a p h i c a x i s i sp a r a l l e l t o t h e e l e c t r o n beam. T h e p a t t e r n i s t h enrecorded a n d i t s c o n s i s t e n c y w i t h known m i n e r a l s t r u c t u r e si s checked b y a c o m p u t e r p r o g r a m . T h e S A E D p a t t e r no b t a i n e d f r o m one zone a x i s may no t b e s u f f i c i e n t l y
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s p e c i f i c t o i d e n t i f y t h e m i n e r a l f i b e r , b u t i t I s o f t e np o s s i b l e to t i l t the f i b e r to another a n g l e and to record ad i f f e r e n t zone a x i s p a t t e r n . T h e a n g l e between t h e t w oaxes can a l s o be checked for c o n s i s t e n c y w i t h the s t r u c t u r eof a s u s p e c t e d m i n e r a l .
F o r v i s u a l e x a m i n a t i o n o f t h e S A E D p a t t e r n , t h e cameral e n g t h of the TEM s h o u l d be set to a low v a l u e and the SAEDp a t t e r n then s h o u l d b e viewed t h r o u g h t h e b i n o c u l a r s . T h i sp r o c e d u r e m i n i m i z e s t h e i r r a d i a t i o n a n d p o s s i b l e d e g r a d a t i o nof the f i b e r . H o w e v e r , the p a t t e r n i s d i s t o r t e d by thet i l t a n g l f c o f t h e v i e w i n g screen. F o r r e c o r d i n g p u r p o s e s ,a camera l e n g t h of at l e a s t 2 meters must be used ifaccurate measurement of the p a t t e r n i s to be p o s s i b l e . Iti s o f extreme i m p o r t a n c e t h a t , when o b t a i n i n g an SAEDp a t t e r n f o r e i t h e r r e c o r d i n g o r v i s u a l e v a l u a t i o n , t h es a m p l e h e i g h t b e p r o p e r l y a d j u s t e d t o t h e e u c e n t r i c p o i n tand the imaqe be f o c u s s e d in the p l a n e of the s e l e c t e d areaa p e r t u r e . If t h i s i s not done there may be some c o m p o n e n t so f t h e S A E D p a t t e r n w h i c h d o n o t o r i g i n a t e f r o m t h es e l e c t e d area. It w i l l b e f o u n d in general that th es m a l l e s t S A E D a p e r t u r e w i l l b e necessary.
F o r accurate measurements o f t h e S A E D p a t t e r n , a n i n t e r n a lc a l i b r a t i o n s t a n d a r d i s r equ ir ed . A t h i n c o a t i n g o f g o l d ,or o ther c a l i b r a t i o n m a t e r i a l , must b e a p p l i e d t o theu n d e r s i d e o f t h e T E M s p e c i m e n . T h i s . c o a t i n g c a n b e a p p l i e de i t h e r by vacuum e v a p o r a t i o n or, more c o n v e n i e n t l y , bys p u t t e r i n g . T h e p o l y c r y s t a l l i n e g o l d f i l m y i e l d sd i f f r a c t i o n r i n g s o n every S A E D p a t t e r n a n d t h e s e r i n g sp r o v i d e t h e r equ ired c a l i b r a t i o n i n f o r m a t i o n .
To f o r m an SAED p a t t e r n , move the image of the f i b e r to thecenter of the screen and inser t a s u i t a b l e s e l e c t e d areaa p e r t u r e i n t o the e l e c t r o n beam so t h a t the f i b e r , or ap o r t i o n o f i t , i s in th e i l l u m i n a t e d area. The s i z e o f th ea p e r t u r e and the p o r t i o n o f the f i b e r s h o u l d be such thatp a r t i c l e s o ther than the one to be e xamined are e x c l u d e df r o m t h e s e l e c t e d area. Observe t h e d i f f r a c t i o n p a t t e r nw i t h t h e b i n o c u l a r a t t a c h m e n t . I f a n i n c o m p l e t ed i f f r a c t i o n p a t t e r n i s o b t a i n e d , move t h e p a r t i c l e aroundin the s e l e c t e d area to a t t e m p t to get a c l ear erd i f f r a c t i o n p a t t e r n o r t o e l i m i n a t e p o s s i b l e i n t e r f e r e n c e sf r o m n e i g h b o r i n g p a r t i c l e s .
If a zone a x i s SAED a n a l y s i s i s to be a t t e m p t e d on thef i b e r , t h e s a m p l e must b e i n t h e a p p r o p r i a t e h o l d e r . T h emost c onveni en t h o l d e r a l l o w s c o m p l e t e r o t a t i o n o f t h es a m p l e a n d s i n g l e a x i s t i l t i n g . R o t a t e t h e s a m p l e u n t i lt h e f i b e r image i n d i c a t - s t ha t t h e f i b e r i s o r i e n t e d w i t hi t s l e n g t h c o i n c i d e n t w i t h t h e t i l t a x i s o f t h e g o n i o m e t e r ,and a d j u s t the s a m p l e h e i g h t u n t i l the f i b e r 1s at the
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e u c e n t r i c o o s i t i o n . T i l t t h e f i b e r u n t i l a p a t t e r n aooearsw h i c h i s a s y m m e t r i c a l , two d i m e n s i o n a l array o f s oo t s .T h e r e c o g n i t i o n o f zone a x i s . a l i g n m e n t c o n d i t i o n s r e q u i r e ssome e x p e r i e n c e on the p a r t o f the o p e r a t o r . D u r i n gt i l t i n g o f t h e f i b e r t o o b t a i n zone a x i s c o n d i t i o n s , t h emanner I n w h i c h t h e i n t e n s i t i e s o f t h e s p o t s vary s h o u l d b eob s erved. If wea* r e f l e c t i o n s occur at sorce p o i n t s on am a t r i x o f s t r ong r e f l e c t i o n s , t h e o o s s i b i l i t y o f m u l t i p l ed i f f r a c t i o n e x i s t s , a n d some c a u t i o n s h o u l d b e e x e r c i s e d i ns e l e c t i o n o f d i f f r a c t i o n s p o t s f o r measurement . A f u l ld i s c u s s i o n o f e l e c t r o n d i f f r a c t i o n a n d m u l t i p l e d i f f r a c t i o ncan b e f o u n d 1n the r e f e r e n c e s by J.A. G a r d , P . B . H i r s c h e ta l , a n d H . R . W e n k , i n c l u d e d i n t h e S e l e c t e d B i b l i o g r a p h y .N o t a l l zone a x i s p a t t e r n s w h i c h c a n b e o b t a i n e d a r e u s e f u lo r d e f i n i t i v e . O n l y t h o s e w h i c h have c l o s e l y - s p a c e dr e f l e c t i o n s c o r r e s p o n d i n g t o l ow i n d i c e s in a t l e a s t oned i r e c t i o n s h o u l d b e r e c orded . P a t t e r n s i n w h i c h a l ld - s p a c i n g s are l e s s than about 0.3 nm are not u s e f u l andare u s u a l l y very w a s t e f u l in c o m p u t e r t ime. A u s e f u lg u i d e l i n e i s t h a t t h e l o w e s t a n g l e r e f l e c t i o n s s h o u l d b ew i t h i n t h e r a d i u s o f t h e f i r s t g o l d d i f f r a c t i o n r i n g ( 1 1 1 ) ,a n d t h a t p a t t e r n s w i t h s m a l l e r d i s t a n c e s b e tweenr e f l e c t i o n s a r e u s u a l l y t h e most d e f i n i t i v e .
F i v e s p o t s , c l o s e s t t o t h e c e n t e r s o o t , a l o n g t w oi n t e r s e c t i n g l i n e s o f t h e zone a x i s p a t t e r n must b es e l e c t e d f o r m e a s u r e m e n t , a s i l l u s t r a t e d i n F i g u r e 1 4 .

SPOT 9

F i g u r e 1 4 . M e a s u r e m e n t o f Z o n e A x i s S A E O P a t t e r n s ,
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T h e d i s t a n c e s o f t h e s e s p o t s f r o m t h e c e n t e r soot a n d t h ef o u r a n g l e s shown a r e t h e i n p u t f o r t h e c o m p u t e r p r o g r a m .S i n c e t h e center s p o t i s u s u a l l y very o v e r - e x p o s e d , i t d o e sn o t f o r m a s u i t a b l e o r i g i n f o r m e a s u r e m e n t . T h e r e q u i r e dd i s t a n c e s must t h e r e f o r e be o b t a i n e d by m e a s u r i n g betweenp a i r s o f s p o t s s y m m e t r i c a l l y d i s p o s e d about t h e c e n t e rs p o t , p r e f e r a b l y s e p a r a t e d b y s ev era l r ep ea t d i s t a n c e s .The d i s t a n c e s must be measured w i t h a p r e c i s i o n of b e t t e rt h a n 0 . 3 m m , a n d t h e a n g l e s b e t t e r t h a n 2 . 5 ° . T h ed i a m e t e r o f t h e f i r s t o r second r i n g o f t h e c a l i b r a t i o np a t t e r n (111 and 200) must a l s o be measured w i t h the samep r e c i s i o n .
T h e camera constant ( X L ) required f o r t h e c omput er p r o g r a mis g i v e n by:

X L

where:
X » W a v e l e n g t h o f th e i n c i d e n t e l e c t r o n s
L • E f f e c t i v e camera l e n g t h in mm
a - U n i t c e l l d i m e n s i o n 1n A r g s t r o m s
D • D i a m e t e r o f t h e ( h , k , 1 ) d i f f r a c t i o nr i n g s i n m i l l i m e t e r s

h , k , 1 « M i l l e r i n d i c e s o f t h e s c a t t e r i n g p l a n eof the c r y s t a l .
U s i n g g o l d , t h e camera c o n s t a n t i s g i v e n b y :

X L « 2.35*8 0 ( f i r s t r i n g )
XL • 2.0393 D (second r i n g )

A n a l y s i s o f a f i b e r b y £ O X A i s r equ ir ed i n t h i s a n a l y t i c a lp r o c e d u r e . I n t e r p r e t a t i o n o f th e EDXA s p e c t r u m may b ee i t h e r q u a l i t a t i v e o r q u a n t i t a t i v e . F o r q u a l i t a t i v ei n t e r p r e t a t i o n o f a s p e c t r u m , t h e e l e m e n t s o r i g i n a t i n g f r o mt h e f i b e r a r e recorded. F o r q u a n t i t a t i v e i n t e r p r e t a t i o n ,the ne t p e a k areas, a f t e r b a c k g r o u n d s u b t r a c t i o n , areo b t a i n e d f o r t h e e l e m e n t s o r i g i n a t i n g f r c m t h e f i b e r . A Sd i s c u s s e d i n S e c t i o n 6.5.2, t h i s method p r o v i d e s f o rq u a n t i t a t i v e i n t e r r e l a t i o n f o r tho s e m i n e r a l s whichc o n t a i n s i l i c o n .
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T o o b t a i n a n E D X A s p e c t r u m move t h e imaqe o f t h e f i b e r t othe c en t e r o f the screen and remove the o b j e c t i v e aoer ture .S e l e c t a n a p p r o p r i a t e e l e c t r o n beam d i a m e t e r a n d d e f l e c tt h e s p o t t o i m p i n g e on th e f i b e r . D e p e n d i n g on th ei n s t r u m e n t a t i o n , i t may be neces sary to t i l t the s a m o l e andi n some i n s t r u m e n t s t o u s e S c a n n i n g T r a n s m i s s i o n E l e c t r o nM i c r o s c o p y ( S T E M ) mod? o f o p e r a t i o n .
T h e t i m e f o r a c q u i s i t i o n o f a s u i t a b l e s p e c t r u m v a r i e s w i t ht h e f i b e r d i a m e t e r , a n d a l s o w i t h i n s t r u m e n t a l f a c t o r s .F o r q u a n t i t a t i v e i n t e r p r e t a t i o n , s p e c t r a s h o u l d have as t a t i s t i c a l l y v a l i d number o f c o u n t s i n each p e a k .A n a l y s e s o f s m a l l d i a m e t e r f i b e r s w h i c h c o n t a i n s o d i u m a r eth e most c r i t i c a l , s in c e i t i s in th e l ew energy range t h a tt h e X - r a y d e t e c t o r i s l e a s t s e n s i t i v e . A c c o r d i n g l y , i t i sn e c e s sary t o a c q u i r e a s p e c t r u m f o r a s u f f i c i e n t l y l o n gp e r i o d t h a t the pre s ence of s o d i u m can be d e t e c t e d in suchf i b e r s . I t h a s been f o u n d t h a t s a t i s f a c t o r y q u a n t i t a t i v ea n a l y s e s c a n b e o b t a i n e d i f a c q u i s i t i o n i s c o n t i n u e d u n t i lt h e b a c k g r o u n d - s u b t r a c t e d s i l i c o n K a p e a k i n t e g r a l e x c e e d s10000 c o u n t s . T h e s p e c t r u m s h o u l d t h e n b e m a n i p u l a t e d t os u b t r a c t the b a c k g r o u n d and to o b t a i n the ne t areas o f thee l e m e n t a l p e a k s .
A f t e r q u a n t i t a t i v e E D X A c l a s s i f i c a t i o n o f some f i b e r s b yc o m p u t e r a n a l y s i s o f t h e ne t p e a k areas , i t tray b e o o s s i b l et o c l a s s i f y f u r t h e r f i b e r s i n t h e same s a m p l e o n t h e b a s i so f c o m p a r i s o n o f s p e c t r a a t t h e i n s t r u m e n t . F r e o u e n t l y ,v i s u a l c o m p a r i s o n s c a n b e m a d e a f t e r s o n e w h a ' t s h o r t e ra c q u i s i t i o n t i m e s .

6.7.3 A n a l y s i s o f F i b e r I d e n t i f i c a t i o n C a t a
S i n c e t h e f i b e r i d e n t i f i c a t i o n p r o c e d u r e c a n b e i n v o l v e dand t i m e - c o n s u m i n g , a F o r t r a n c o m p u t e r p r o g r a m ha s beenp r o v i d e d , t h e l i s t i n g o f w h i c h i s g i v e n i n A p p e n d i x A .T h i s p r o g r a m p e r m i t s t h e E D X A a n d zone a x i s S A E Omea sur emen t s to be c o m p a r e d a o a i n s t a l i b r a r y ofc o m p o s i t i o n a l a n d s t r u c t u r a l d a t a f o r 2 2 6 m i n e r a l s . T h e 'm i n e r a l l i b r a r y i n c l u d e s f i b r o u s s p e c i e s w h i c h have beenl i s t e d b y s e v e r a l a u t h o r s , t o g e t h e r w i t h o ther m i n e r a l sw h i c h are known to be s i m i l a r to a m p h i b o l e in e i t h e r t h e i rc o m p o s i t i o n s o r some a s p e c t s o f t h e i r c r y s t a l l o q r a p h y .A d d i t i o n a l m i n e r a l s m a y b e a d d e d t o t h e l i b r a r y i f t h e y a r et h o u g h t t o b e o f concern in p a r t i c u l a r s i t u a t i o n s .R e j e c t i o n o f a m i n e r a l b y t h e p r o g r a m i n d i c a t e s t h a t e i t h e rt h e c o m p o s i t i o n a l o r c r y s t a l l o r r a p h i c d a t a f o r t h e m i n e r a li n t h e l i b r a r y a r e i n c o n s i s t e n t w i t h t h e measurement s f a d eon th e unknown f i b e r . D e m o n s t r a t i o n t h a t t h e m e a s u r e m e n t sa r e c o n s i s t e n t w i t h t h e d a t a f o r a p a r t i c u l a r t e s t m i n e r a ldo e s n o t u n i o u e l y i d e n t i f y t h e u n k n o w n , s inc e t h *p o s s i b i l i t y e x i s t s t h a t d a t a f r o m o t h e r m i n e r a l s m a y a l s o
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be c o n s i s t e n t . It i s , however, very u n l i k e l y t h a t a mineralo f ano th er s t r u c t u r a l c l a s s c o u l d y i e l d d a t a c o n s i s t e n t w i t ht h a t f r o m a n a m p h i b o l e f i b e r i d e n t i f i e d ' u n i q u e l y b y q u a n t i -t a t i v e EDXA and two zone ax i s SAED p a t t e r n s .
T h e c o m p u t e r p r o g r a m c l a s s i f i e s f i b e r s i n i t i a l l y o n t h eb a s i s o f c h e m i c a l c o m p o s i t i o n . E i t h e r Q u a l i t a t i v e o rQ u a n t i t a t i v e E D X A i n f o r m a t i o n m a y b e en t e r ed . T h ep r o c e d u r e u s i n g q u a l i t a t i v e E D X A c o n s i s t s o f e n t e r i n g t h el i s t o f e l e m e n t s w h i c h o r i g i n a t e f r o m t h e p a r t i c l e . F o rq u a n t i t a t i v e E D X A ( s i l i c o n - c o n t a i n i n g m i n e r a l s o n l y ) , t h el i s t o f e l e m e n t s and th e areas under th e c o r r e s p o n d i n gX - r a y e m i s s i o n p e a k s , a f t e r b a c k g r o u n d c o r r e c t i o n , f o r m t h ei n p u t d a t a f o r t h e c o m p u t e r program. T h e w i d t h o f t h ef i b e r i s a l s o required a s i n p u t i n t o t h e p r o g r a m . T h ep r o g r a m w i l l s e l e c t f r o m t h e f i l e a l i s t o f m i n e r a l s wh i chare c o n s i s t e n t in c o m p o s i t i o n w i t h that measured for theunknown f i b e r . To proce ed f u r t h e r , i t i s n e c e s s ary t oo b t a i n t h e f i r s t zone a x i s S A E D p a t t e r n , a c c o r d i n g t o t h ei n s t r u c t i o n s in S e c t i o n 6.7.2.
I t w o u l d b e a t t r a c t i v e t o s p e c i f y a p a r t i c u l a r zone a x i sp a t t e r n t o b e o b t a i n e d f o r c o n f i r m a t i o n o f a m p h i b o l e ,p a r t i c u l a r l y i f such a p a t t e r n c o u l d b e c o n s i d e r e dc h a r a c t e r i s t i c . U n f o r t u n a t e l y , f o r a f i b e r w i t h randomo r i e n t a t i o n on the g r i d , no s p e c i m e n h o l d e r and g o n i o m e t e rc u r r e n t l y a v a i l a b l e w i l l p e r m i t c o n v e n i e n t a n d r a p i dl o c a t i o n o f t w o p r e - s e l e c t e d zone axes. T h e most p r a c t i c a la p p r o a c h ha s been a d o p t e d , w h i c h i s t o a c c e p t t h o s e l owi n d e x p a t t e r n s which are e a s i l y o b t a i n e d , and then to t e s tt h e i r c o n s i s t e n c y w i t h t h e s t r u c t u r e s o f t h e m i n e r a l sa l r e a d y p r e - s e l e c t e d o n t h e b a s i s o f t h e E D X A d a t a . Eventh e s t r u c t u r e s o f n o n - a m p h i b o l e m i n e r a l s in t h i s pre-s e l e c t e d l i s t must b e t e s t e d a g a i n s t t h e zone a x i s d a t ao b t a i n e d f o r t h e unknown f i b e r , s ince n o n - a m p h i b o l em i n e r a l s m a y y i e l d s i m i l a r p a t t e r n s c o n s i s t e n t w i t ha m p h i b o l e s t r u c t u r e s i n some o r i e n t a t i o n s .
T h e zone a x i s S A E O i n t e r p r e t a t i o n part o f t h e program w i l lc o n s i d e r a l l m i n e r a l s p r e v i o u s l y s e l e c t e d f r o m t h e f i l e a sb e i n g c h e m i c a l l y c o m p a t i b l e w i t h t h e E D X A d a t a . I t w i l lthen return a second and u s u a l l y reduced Mst o f m i n e r a l sfor wh i ch s o l u t i o n s have been f o u n d . A second set of zonea x i s d a t a f r o m another p a t t e r n o b t a i n e d o n t h e same f i b e rcan then be p r o c e s s e d e i t h e r as f u r t h e r c o n f i r m a t i o n or toa t t e m p t e l i m i n a t i o n o f a n a m b i g u i t y . I n - . a d d i t i o n , t h e a n g l emeasured between the o r i e n t a t i o n s of the two zone axes carbe ent ered i n t o the c o m p u t e r to be checked for c o n s i s t e n c yw i t h th e s t r u c t u r e s o f m i n e r a l s . C a u t i o n s h o u l d b ee x e r c i s e d i n r a t i o n a l i z i n g t h e in t e r-zone a x i s a n g l e , s in c ei f t h e f i b e r c o n t a i n s c -ax i s t w i n n i n , , t h e t w o zone a x i sS A E D p a t t e r n s m a y o r i g i n a t e f r o m t h e s epara t e t w i n c r y s t a l s .
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I n p r a c t i c e , t h e f u l l p r o g r a m w i l l n o r m a l l y b e a o p l i e ' l t overy f e w f i b e r s , u n l e s s o r e c i s e i d e n t i f i c a t i o n o f a l lf i b e r s i s r eouired .
6.7.4 F i b e r C l a s s i f i c a t i o n C a t e g o r i e s

I t i s n o t a l w a y s p o s s i b l e t o proc e ed t o a d e f i n i t i v ei d e n t i f i c a t i o n o f a f i b e r ; t h i s may b e du e t o i n s t r u m e n t a ll i m i t a t i o n s o r t o t h e a c t u a l na tur e o f t h e f i b e r . I n manya n a l y s e s a d e f i n i t i v e i d e n t i f i c a t i o n o f each f i b e r m a y r o ta c t u a l l y b e n e c e s s ary i f there i s o t h e r k n o w l e d g e a v a i l a b l eabout th e s a m p l e , o r i f t h e c o n c e n t r a t i o n i s b e l o w a l e v e lo f i n t e r e s t . T h e a n a l y t i c a l p r o c e d u r e trus t t h e r e f o r e t a k eaccount o f b o th i n s t r u m e n t a l l i m i t a t i o n s a n d v a r i e da n a l y t i c a l r e q u i r e m e n t s . A c c o r d i n g l y , a s y s t e m o f f i b e rc l a s s i f i c a t i o n h a s been d e v i s e d t o o e r m l t a c c u r a t er e c o r d i n g o f d a t a . T h e c l a s s i f i c a t i o n s a r e shown i n T a h l e s3 and 4, and are d i r e c t e d t o w a r d s i d e n t i f i c a t i o n ofc h r y s o t i l e a n d a m p h i b o l e r e s p e c t i v e l y . F i b e r s w i l l b er epor t ed in t h e s e c a t e g o r i e s .
T h e g e n e r a l p r i n c i p l e t o b e f o l l o w e d i n t h i s a n a l y t i c a lp r o c e d u r e i s f i r s t t o d e f i n e t h e most s p e c i f i c f i b e rc l a s s i f i c a t i o n ( t a r g e t c l a s s i f i c a t i o n ) w h i c h i s t o b ea t t e m p t e d . T h e n , f o r each f i b e r e x a m i n e d , t h e c l a s s i f i c a -t i o n w h i c h i s a c t u a l l y a c h i e v e d i s r e c o r d e d . D e p e n d i n g o nt h e i n t e n d e d u s e o f t h e r e s u l t s , c r i t e r i a f o r a c c e o t a n c e o ff i t e r s a s " i d e n t i f i e d " can t h e n b e e s t a b l i s h e d a t any t i m ea f t e r c o m p l e t i o n o f t h e a n a l y s i s .
I n a n unknown s a m p l e , c h r y s o t i l e w i l l b e r e g a r d e d a sc o n f i r m e d o n l y i f a r e c o r d e d , c a l i b r a t e d S A E O p a t t e r n f r o mo n e f i b e r i n t h e C O c a t e g o r y i s o b t a i n e d . A m p h i b o l e w i l lbe r e g a r d e d a s c o n f i r m e d o n l y by o b t a i n i n g recoraed d a t aw h i c h y i e l d s e x c l u s i v e l y a m p h i b o l e s o l u t i o n s f o r f i b e r sc l a s s i f i e d i n t h e A Z Q , A Z Z o r A Z Z Q c a t e g o r i e s .

6.7.5 P r o c e d u r e f o r C l a s s i f i c a t i o n o f F i b e r s W i t h T u b u l a rM o r p h o l o g y , S u s p e c t e d t o b e C h r y s o t i l e
M a n y f i b e r s a r e e n c o u n t e r e d w h i c h have t u b u l a r m o r p h o l o g ys i m i l a r t o t h a t o f c h r y s o t H e , b u t w h i c h d e f y f u r t h e ra t t e m p t s a t c h a r a c t e r i z a t i o n b y e i t h e r S A E D o r E D X A . T h e ymay be n o n - c r y s t a l l i r e , in w h i c h case S^ED t e c h n i a u e s ar«not u s e f u l , or they may be in a p o s i t i o n on the qrU 1 -wh-cndoe s not p e r m i t an EDXA soec trum to be o b t a i n e d .A l t e r n a t i v e l y , t h e f i b e r may b e o f o r g a n i c o r i o i n , bu t no ts u f f i c i e n t l y d e f i n i t i v e t h a t i t c a n b e d i s r e g a r d e d .
C l a s s i f i c a t i o n a t t e m p t s w i l l meet w i t h v a r i o u s d e g r e e s o fsucce s s . F i g u r e 1 5 shows t h e c l a s s i f i c a t i o n o r o c e d u r e t ob e used f o r f i b e r s w h i c h d i s p l a y a n y t u b u l a r - e r p n o l o a y .
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T A B L E 3 . C L A S S I F I C A T I O N O F F I B E R S W I T H T U B U L A R M O R P H O L O G Y
T M • T u b u l a r M o r p h o l o g y n o t s u f f i c i e n t l y c h a r a c t e r i s t i c• f o r c l a s s i f i c a t i o n a s c h r y s o t i l e
C M • C h a r a c t e r i s t i c C h r y s o t i l e M o r p h o l o g y
CD - C h r y s o t i l e SAED p a t t e r n
C Q - C h r y s o t i l e c o m p o s i t i o n b y Q u a n t i t a t i v e E D X A
CMQ - C h r y s o t i l e M o r p h o l o g y and c o m p o s i t i o n byQ u a n t i t a t i v e E D X A
C D Q - C h r y s o t i l e S A E D p a t t e r n a n d c o m p o s i t i o n b yQ u a n t i t a t i v e E D X A
N A M - N o n - A s b e s t o s M i n e r a l

T A B L E 4 . C L A S S I F I C A T I O N O F F I B E R S W I T H O U T T U B U L A R M O R P H O L O G Y
U F - U n i d e n t i f i e d F i b e r
A D • A m p h i b o l e b y r a n d o m o r i e n t a t i o n S A E D (shows l a y e rp a t t e r n o f 0.53 n n s p a c i n g )
A X - A m p h i b o l e b y q u a l i t a t i v e E D X A . S p e c t r u m h a s e l e m e n t a lc o m p o n e n t s c o n s i s t e n t w i t h a m p h i b o l e
ADX - A m p h i b o l e by random o r i e n t a t i o n SAED and Q u a l i t a t i v eE D X A
A Q - A m p h i b o l e b y Q u a n t i t a t i v e E D X A
A Z • A m p h i b o l e b y o n e Z o n e A x i s S A E D
A D Q - A m p h i b o l e b y random o r i e n t a t i o n S A E D a n d Q u a n t i t a t i v eE D X A
A Z Q • A m p h i b o l e b y o n e Zone A x i s S A E D p a t t e r n a n d Q u a n t i t a t i v eE D X A
A Z Z - ' A m p h i b o l e b y t w o Zone A x i s S A E D p a t t e r n s w i t h c o n s i s t e n ti n t e r - a x i a l a n g l e
A Z Z Q - A m p h i b o l e b y t w o Zone A x i s S A E D p a t t e r n s , c o n s i s t e n ti n t e r - a x i a l a n g l e a n d Q u a n t i t a t i v e E D X A
N A M - N o n - A s b e s t o s M i n e r a l
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F I B E R W I T H T U B U L A R M O R P H O L O G Y

t s f i b e r m o r p h o l o g y c h a r a c t e r i s t i co f t ha t d i s p l a y e d a y r e r ' e r g n c e c n r y s o t i l e ?
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F i g u r e 1 5 . C l a s s i f i c a t i o n C h a r t f o r F i b e r W i t h T u b u l a r M o r p h o l o g y .
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T h e chart i s s e l f e x p l a n a t o r y , a n d e s s e n t i a l l y every f i b e ri s e i t h e r r e j e c t e d a s a non-asbe s to s minera l (NAM), orc l a s s i f i e d i n some w a y w h i c h c o u l d s t i l l c o n t r i b u t e t o t h ec h r y s o t i l e f i b e r count.
M o r p h o l o g y i s t h e f i r s t c o n s i d e r a t i o n , a n d i f t h i s i s n o ts i m i l a r t o t h a t u s u a l l y seen i n c h r y s o t i l e s t a n d a r ds a m p l e s , t h e i n i t i a l c l a s s i f i c a t i o n i s T M . R e g a r d l e s s o ft h e d o u b t f - j l m o r p h o l o g y , t h e f i b e r w i l l s t i l l b e e x a m i n e db y S A E O a n d E D X A m e t h o d s a c c o r d i n g t o F i g u r e 1 5 . W h e r e t h em o r p h o l o g y i s more d e f v t i t i v e , i t may be p o s s i b l e toc l a s s i f y t h e f i b e r a s h a v i n g c h r y s o t i l e m o r p h o l o g y ( C M ) .
T h e m o r p h o l o g i c a l c h a r a c t e r i s t i c s r eouired w i l l b e :

a ) t h e i n d i v i d u a l f i b r i l s s h o u l d have h i g h a s p e c t r a t i o se x c e e d i n g 10:1 and be about 40 nm in d i a m e t e r ;
b) the e l e c t r o n s c a t t e r i n g power of the f i b e r at 60 to100 kV a c c e l e r a t i n g p o t e n t i a l s h o u l d b e s u f f i c i e n t l yl ow f o r i n t e r n a l s t r u c t u r e t o b e v i s i b l e ; and
c) t h e r e s h o u l d b e some e v i d e n c e o f i n t e r n a l s t r u c t u r es u g g e s t i n g a t u b u l a r a p p e a r a n c e s i m i l a r t o t h a t showni n F i g u r e 1 6 A , w h i c h m a y d e g r a d e i n t h e e l e c t r o n beamt o th e a p p e a r a n c e shown in F i g u r e 168.

Every f i b e r h a v i n g th e s e m o r p h o l o g i c a l c h a r a c t e r i s t i c s w i l lb e e x a m i n e d by th e SAED t e c h n i q u e , and o n l y t h o s e w h i c hg i v e d i f f r a c t i o n p a t t e r n s w i t h t h e p r e c i s e c h a r a c t e r i s t i c so f F i g u r e 17 w i l l b e c l a s s i f i e d a s c h r y s o t i l e by SAED (CD).T h e r e l e v a n t f e a t u r e s i n t h i s p a t t e r n f o r i d e n t i f i c a t i o n o fc h r y s o t i l e a r e i n d i c a t e d . . T h e ( 0 0 2 ) r e f l e c t i o n s s h o u l d b eexamined to d e t e r m i n e t h a t they corre spond a p p r o x i m a t e l y toa s p a c i n g o f 0.73 nm, and the l a y e r l i n e r e p e a t d i s t a n c es h o u l d c o r r e s p o n d to 0.53 nm. T h e r e s h o u l d a l s o be" s t r e a k i n g " o f t h e ( 1 1 0 ) and ( 1 3 0 ) r e f l e c t i o n s . U s i n g t h em i l l i m e t e r c a l i b r a t i o n s o n t h e m i c r o s c o p e v i e w i n g s c r e en , ft h e s e o b s e r v a t i o n s can r e a d i l y be made at the i n s t r u m e n t /A TEM m i c r o g r a p h o f a t l e a s t one r e p r e s e n t a t i v e f i b e r w i l lb e r e c o r d e d , and i t s SAED p a t t e r n w i l l a l s o b e r e c ord ed ona s e p a r a t e f i l m o r p l a t e . T h i s p l a t e w i l l a l s o carry c a l i -b r a t i o n r i n g s f r o m a known p o l y c r y s t a l l i n e sub s tance sucha s g o l d . T h i s c a l i b r a t e d p a t t e r n i s t h e o n l y d o c u m e n t a r yp r o o f t h a t t h e p a r t i c u l a r f i b e r i s c h r y s o t i l e a n d n o t someother t u b u l a r or s c r o l l e d s p e c i e s such as h a l l o y s i t e , p a l y -g o r s k i t e , t a l c o r v e r m i c u l i t e . T h e p r o p o r t i o n o f f i b e r sw h i c h c a n b e s u c c e s s f u l l y i d e n t i f i e d a s c h r y s o t i l e b y S A E Dis v a r i a b l e , and to some e x t e n t d e p e n d e n t on both thei n s t r u m e n t a n d t h e p r o c e d u r e s o f t h e o p e r a t o r . T h e f i b e r rt h a t f a i l t o y i e l d a n i d e n t i f i a b l e S A E D p a t t e r n w i l l r e m a i nin the TM or CM c a t e g o r i e s u n l e s s t h e y are e x a m i n e d by EDXA.
48



0.05>Lim
F i g u r e 16A. T E H M i c r o g r a p h o f C h r y s o t i l e F i b r i l , s h o w i n g M o r p h o l o g y .

0.05 um

F i g u r e 168. T E M M i c r o g r a p h o f U I C C C a n a d i a n C h r y s o t i l e F i b e r a f t e rT h e r m a l D e g r a d a t i o n b y E l e c t r o n Beam I r r a d i a t i o n .
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,-110
130 ' 002

F i g u r e 1 7 . S A E D P a t t e r n o f C h r y s o t i l e F i b e r w i t h D i a g n o s t i c F e a t u r e s L a b e l l e d .N e c e s s a r y c r i t e r i a are the pre s ence of 0.73 nm s p a c i n g for the002 r e f l e c t i o n s , 0.53 nm s p a c i n g for the l a v e r l i n e r epea t andc h a r a c t e r i s t i c s t r e a k i n g of the 110 and 130 r e f l e c t i o n s .

I n t h e E D X A a n a l y s i s o f c h r y s o t i l e th er e a r e o n l y t w oe l e m e n t s whi ch a r e r e l e v a n t . F o r f i b e r c l a s s i f i c a t i o n , t h eE D X A a n a l y s i s must b e Q u a n t i t a t i v e . I f t h e s o e c t r u m 'd i s p l a y s p r o m i n e n t p e a k s f r o m m a g n e s i u m a n d s i l i c o n , w i t ht h e i r areas i n t h e a p p r o p r i a t e r a t i o , and. w i t h o n l y minorp e a k s f r o m o t h e r e l e m e n t s , t h e f i b e r w i l l b e c l a s s i f i e d a sc h r y s o t i l e b y Q u a n t i t a t i v e E D X A , i n t h e c a t e g o r i e s C Q , C K )or C D Q , as a p p r o p r i a t e .
F o r c h r y s o t i l e a n a l y s e s there a r e e s s e n t i a l l y threep o s s i b l e l e v e l s o f a n a l y s i s :
1 . m o r p h o l o g i c a l a n d S A E D d i s c r i m i n a t i o n o n l y ( T a r g e tc l a s s i f i c a t i o n C O ) ;
2. in a d d i t i o n , EDXA of o n l y those f i b e r s u n c l a s s i f i e d byS A E D ( T a r g e t c l a s s i f i c a t i o n C D ) ;
3 . E D X A i n a d d i t i o n t o S A E O o n a l l f i b e r s ( T a r g e tc l a s s i f i c a t i o n C D Q ) .

6.7.6 P r o c e d u r e f o r C l a s s i f i c a t i o n o f F i b e r s W i t h o u t T u b u l a rM o r p h o l o g y , S u s p e c t e d to be A m p h i b o l e
Every p a r t i c l e w i thou t t u b u l a r m o r p h o l o g y and which i s noto b v i o u s l y o f b i o l o g i c a l o r i g i n , w i t h an a s p e c t r a t i o c f 3t o 1 o r g r e a t e r and h a v i n g p a r a l l e l o r s t e p p e d s i d e s , w i l lbe c on s id e r ed as a s u s p e c t e d a m p h J b o l e f i b e r . F u r t h e re x a m i n a t i o n o f t h e f i b e r b y S A E O a n d E D X A t e c h n i o u e s w i l l
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meet w i t h a v a r i a b l e d^qree o f suc c e s s , d e p e n d i n g on then a t u r e of the f i b e r and on a number of i n s t r u m e n t a ll i m i t a t i o n s . I t w i l l n o t b e p o s s i b l e t o i d e n t i f y everyf i b e r c o m p l e t e l y , even i f t i m e and cost were o f no concern.M o r e o v e r , c o n f i r m a t i o n o f t h e p r e s e n c e o f a m p h i b o l e can b ea c h i e v e d o n l y b y Q u a n t i t a t i v e i n t e r p r e t a t i o n o f zone a x i sSAED p a t t e r n s , a very t i m e - c o n s u m i n g pro c edur e .
A c c o r d i n g l y , f o r r o u t i n e s a m p l e s f r o m unknown s ource s , t h i sa n a l y t i c a l p r o c e d u r e l i m i t s t h e r equ i r emen t f o r zone a x i sSAED work t o a m i n i m u m o f one f i b e r r e p r e s e n t a t i v e o f eachc o m p o s i t i o n a l c l a s s r e p o r t e d . I n some s a m p l e s , i t m a y b enece s sary t o i d e n t i f y more f i b e r s by th e zone a x i st e c h n i q u e . W h e n a n a l y z i n g s a m o l e s f r o m w e l l - c h a r a c t e r : z e dsources, the cost of i d e n t i f i c a t i o n by zone a x i s m e t h o d smay not be j u s t i f i e d .
T h e 0.53 n r a l a y e r s p a c i n g o f t h e r a n d o m o r i e n t a t i o n S A E Dp a t t e r n i s n o t b y i t s e l f d i a g n o s t i c f o r a m p h i b o ' e .H o w e v e r , t h e p r e s en c e o f c - a x i s t w i n n i n g . i n many f i b e r sl e a d s t o c o n t r i b u t i o n s t o th e l a y e r s in th e p a t t e r n s bys evera l i n d i v i d u a l p a r a l l e l c r y s t a l s o f d i f f e r e n t a x i a lo r i e n t a t i o n s . T h i s a p o a r e n t l y r a n d o m p o s i t i o n i n g o f t h es p o t s a l o n g t h e l a y e r l i n e s , i f a l s o a s s o c i a t e d w i t h a h i g hf i b e r a s p e c t r a t i o , i s a c h a r a c t e r i s t i c o f a m p h i b o l ea s b e s t o s , a n d t h u s h a s some l i m i t e d d i a g n o s t i c v a l u e . I f ap a t t e r n o f t h i s t y p e i s n o t o b t a i n e d , t h e i d e n t i t y o f t h ef i b e r i s s t i l l amb^quou s , s in c e t h e ab s ence o f ar e c o g n i z a b l e p a t t e r n may be a c on s equenc e of an u n s u i t a b l eo r i e n t a t i o n r e l a t i v e t o the e l e c t r o n beam, or the f i b e r maybe some o t h e r m i n e r a l s p e c i e s .
F i g u r e 1 8 shows t h e f i b e r c l a s s i f i c a t i o n c h a r t f o rs u s p e c t e d a m p h i b o l e f i b e r s . T h i s char* shows a l l t h ec l a s s i f i c a t i o n p a t h s p o s s i b l e i n a n a l y s i s o f a s u s p e c t e da m p h i b o l e f i b e r , when e x a m i n e d s y s t e m a t i c a l l y b y S A E D a n dE D X A . I n i t i a l l y t w o routes a r e p o s s i b l e , d e p e n d i n g o nw h e t h e r an a t t e m p t to o b t a i n an EDXA soec trum or a randomo r i e n t a t i o n S A E D p a t t e r n i s made f i r s t . T h e normalp r o c e d u r e f o r a n a l y s i s o f a s a m p l e o f unknown o r i g i n w i l lb e t o e x a m i n e t h e f i b e r b y r a n d o m o r i e n t a t i o n S A E D ,q u a l i t a t i v e E D X A , q u a n t i t a t i v e E D X A , a n d zone a x i s I A E D , i nt h i s sequence. T h e f i n a l f i b e r c l a s s i f i c a t i o n a s s i o n e dw i l l b e d e f i n e d e i t h e r b y s u c c e s s f u l a n a l y s i s a t t h e t a r g e tl e v e l c r b y t h e i n s t r u m e n t a l l i m i t a t i o n s . T h e m a x i m u mc l a s s i f i c a t i o n a c h i e v e d f o r each f i b e r w i l l b e r e c o r d e d o nt h e c o u n t i n g sheet i n t h e a p p r o p r i a t e c o l u m n . T h e v a r i o u sc l a s s i f i c a t i o n c a t e g o r i e s c a n t h e n b e c o m b i n e d ' n a n yd e s i r e d w a y f o r c a l c u l a t i o n o f t h e f i b e r c o n c e n t r a t i o n , a n da c o m p l e t e record o f t h e r e s u l t s f r o m each f i b e r i sm a i n t a i n e d f o r r e a s s e s s m e n t o f t h e d a t a i f n e c e s sary .
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F i g u r e 1 8 . C l a s s i f i c a t i o n C h a r t f o r F i b e r W i t h o u t T u b u l a r M o r p h o l o g y .B o l d L i n e s i n d i c a t e t h e P r e f e r r e d P a t h s .
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D e p e n d i n g o n t h e p a r t i c u l a r s i t u a t i o n , r ' o u r l e v e l s o *a n a l y s i s c a n b e d e f i n e d i n t h i s a n a l y t i c a l o r o c e d u r e , a n dt h e s e are shown in Table 5.
I n t h e r o u t i n e unknown s a r r o l e , a l e v e l 3 a n a l y s i s w i l l b er equ ir ed i f t h e p r e s e n c e o f a m p h i b o l e i s t o b e c o n f i r m e d .F o r t h i s l e v e l o f a n a l y s i s , a t t e m p t s ' " i l l b e made t o r a i s et h e c l a s s i f i c a t i o n o f every f i b e r t o t h e A D O c a t e g o r y . I na d d i t i o n , a t l e a s t one f i b e r f r o m each t y p e o f s u s p e c t e da m p h i b o l e f o u n d w i l l b e e x a m i n e d b y zone a x i s S A £ D m e t h o d st o c o n f i r m t h e i d e n t i f i c a t i o n .

T A B L E 5 . L E V E L S O F A N A L Y S I S F O R A M P H I 3 0 L E
L e v e l o fA n a l y s i s

1

2

3

4

A p p l i c a t i o n

R o u t i n e m o n i t o r i n g o fknown and w e l l -charact-e r i z e d sources for oneminera l f i b e r t y p e .
R o u t i n e m o n i t o r i n g o fknown and w e l l - charac t-e r i z e d sources whered i s c r i m i n a t i o n betweentwo or more a m p h i b o l ef i b e r t y p e s i s r e q u i r e d ,
R o u t i n e s a m p l e s f r o mu n c h a r a c t e r i z e d sourcesf n w h i c h pr e s enc e o rab s ence o f a m p h i b o l eis to be c o n f i r m e d .
S a m p l e s where p r e c i s ei d e n t i f i c a t i o n o f a l la m p h i b o l e f i b e r s i san i m p o r t a n t i s sue .

T a r g e tC l a s s i f i c a t i o nf o r a l l F i b e r s

A D X

ADO

A O Q

A Z Q

R e q u i r e d C l a s s i f i c a t i o nf o r C o n f i r m a t i o n o fA m p h i b o l e i n s . P r o p o r t i o no f t h e F i b e r s
N o t A p p l i c a b l e ,

N o t A p p l i c a b l e

A Z Z , A Z Q o r A Z Z Q -S o l u t i o n s musti n c l u d e o n l ya m p h i b o l e s .

A Z Z Q - S o l u t i o n smust i n d u c e o n l ya m o h i b o l e s .
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6 . 8 B l a n k a n d C o n t r o l D e t e r m i n a t i o n s
T o ensure t h a t c o n t a m i n a t i o n b y e x t r a n e o u s f i b e r s d u r i n g s a n o l ep r e p a r a t i o n i s i n s i g n i f i c a n t c o m p a r e d w i t h t h e r e s u l t s r e p o r t e d o ns a m p l e s , i t i s n e c e s sary t o e s t a b l i s h a c o n t i n u o u s p r o g r a m o f b l a n km e a s u r e m e n t s . I n i t i a l l y , a n d a t i n t e r v a l s d u r i n q a n a n a l y t i c a lp r o g r a m , i t i s a l s o n e c e s s a r y t o ensure t h a t s a m p l e s o f known f i b e rc o n c e n t r a t i o n s c a n b e a n a l y z e d s a t i s f a c t o r i l y .
6.8.1 B l a n k D e t e r m i n a t i o n s

A t l e a s t o n e b l a n k d e t e r m i n a t i o n w i l l b e made a l o n g w i t hevery g r o u p o f s a m p l e s p r e p a r e d a t any one t i m e . For theb l a n k d e t e r m i n a t i o n , a 0 . 1 ^ m N u c l e p o r e f i l t e r w i l l b ep r e p a r e d by f i l t r a t i o n of 100 ml of oz cne-UV t r e a t e df i b e r ^ f r e e wa t er i f u s i n g 25 mm d i a m e t e r e q u i p m e n t , and500 ml t r e a t e d wa t er i f u s i n g 47 mm d i a m e t e r e q u i p m e n t . Ift h e s a m p l e s have been p r e s e r v e d w i t h mer cur i c c h l o r i d e , ane q u i v a l e n t amount o f th e s o l u t i o n s h o u l d b e a d d e d t o th ewater used f o r t h e p r e p a r a t i o n o f t h e b l a n k . T h i s b l a n kf i l t e r w i l l b e carbon coated a t the same t ime a s the g r o u po f s a m p l e s , a n d s o l v e n t e x t r a c t e d i n t h e same J a f f eW a s h e r . A l l a s p e c t s o f t h e s a m p l e p r e p a r a t i o n w i l l t h en b ei r i e n t i / : a l t o t h o s e f o r t h e a c t u a l s a m p l e s . A l l f i b e r s o n2 0 g r i d o p e n i n g s o f t h e b l a n k s a m p l e w i l l b e r e c o r d e d . T h emean f i b e r c o n c e n t r a t i o n f o r t h e b l a n k must b e l e s s t h a n0.05 MFL or l e s s t h a n 1" o f the l o w e s t i n d i v i d u a l v a l u er e p o r t e d i n t h e s a m p l e s c o n c e r n e d , w h i c h e v e r i s t h e g r e a t e rv a l u e . I f a v a l u e h i g h e r t h a n t h e s e c r i t e r i a i se n c o u n t e r e d , s a t i s f a c t o r y b l a n k v a l u e s mus t b e d e m o n s t r a t e db e f o r e f u r t h e r a n a l y s e s a r e carr i ed out. I f i t i ss u s o e c t e c J . a t i a m p ' e s c o u l d have been c o n t a m i n a t e d d u r i n gt h e o r i g i n a l p r e p a r a t i o n , t h e d u p l i c a t e b o t t l e s s h o u l d b eused f o r t h e r e p r e p a r a t i o n o f t h e s a m p l e s c oncerned.
6.8.2 C o n t r o l S a m p l e s

C o n t r o l s a m p l e s must b e i n c o r p o r a t e d i n t o s a m p l e a n a l y s i sp r o g r a m s i n order t o d e m o n s t r a t e t h a t t h e e x p e c t e d r e s u l t sc a n b e p r o d u c e d f r o m s a m p l e s o f known f i b e r c o n c e n t r a t i o n .S u c h r e f e r e n c e s u s p e n s i o n s c a n b e p r e p a r e d u s i n g a m p o u l e so f s t a b l e f i b e r d i s p e r s i o n s l i s t e d i n S e c t i o n 4.3.16. I t i srecommended t h a t t h e r a n g e o f f i b e r c o n c e n t r a t i o n s f o u n d i nt h e real s a m p l e s s h o u l d b e s i m u l a t e d u s i n g t h e r e f e r e n c es u s p e n s i o n s . T h e s e a l e d a m o o u l e s o f f i b e r d i s p e r s i o n sbecome u n s t a b l e when they are o p e n e d , and the f i b e rc o n c e n t r a t i o n v a l u e s h o u l d no t b e r e l i e d upon f or more t h a n8 hours a f t e r o p e n i n g . A c c o r d i n g l y , i t i s recommendedt h a t , upon o p e n i n g a d i s p e r s i o n c o n c e n t r a t e a m p o u l e ,s ev era l r e f e r e n c e s u s o e n s i o n s o f d i f f e r e n t f i b e rc o n c e n t r a t i o n s b e p r e p a r e d i n s a m p l e b o t t l e s . T h e s e
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b o t t l e s c a n then b e s t o r e d f o r p r e p a r a t i o n a n d a n a l y s i sa . l o n g w i t h w a t e r s a m p l e s o f unknown f i b e r c o n c e n t r a t i o n s .
7 . C A L C U L A T I O N O F R E S U L T S

T h e r e s u l t s a r e c o n v e n i e n t l y c a l c u l a t e d u s i n g a c o m p u t e r p r o g r a m , t h el i s t i n g o f w h i c h i s p r o v i d e d i n A p p e n d i x 8 . T h e m e t h o d s b y w h i c h t h ec a l c u l a t i o n s are made are d e s c r i b e d b e l o w .
7 . 1 T e s t f o r U n i f o r m i t y o f F i b e r D e p o s i t o n E l e c t r o n M i c r o s c o o e G r i d s

A check must be made u s i n g the c h i - squar e t e s t , to d e t e r m i n ew h e t h e r t h e f i b e r s f o u n d o n i n d i v i d u a l g r i d o o e n i n g s a r e r a n d o m l ya n d u n i f o r m l y d i s t r i b u t e d among t h e g r i d o p e n i n g s . I f t h e t o t a 'number o f f i b e r s f c u n d in k g r i d o p e n i n a s i s n , and the area s o ft h e k i n d i v i d u a l g r i d o p e n i n g s a r e d e s i g n a t e d A ^ t o A ^ ,th e t o t a l area e xamined i s

i « k

i - 1

T h e f r a c t i o n o f t h e t o t a l area e x a m i n e d w h i c h i s r e o i - e s en t ed b y t h ei n d i v i d u a l g r i d o p e n i n g area , o < f i s g i v e n b y A ^ / A . I f t h ef i b e r s a r e r a n d o m l y a n d u n i f o r m l y d i s p e n s e d over t n e k g r i do p e n i n g s c o u n t e d , t h e e x p e c t e d number o f f i b e r s f a l l i n g i n o n e a r i do p e n i n g w i t h area A , - i s r.p^. I f t h e o b s e r v e d number f c u n d o nt h a t g r i d o p e n i n g i s n ^ , t h e n :

i ° k£ n p i

T h i s v a l u e i s c o m p a r e d w i t h s i g n i f i c a n c e p o i n t s o f t h e X 2d i s t r i b u t i o n , h a v i n g ( k - 1 ) d e g r e e s o f f r e e d o m . S i g n i f i c a n c el e v e l s l o w e r t h a n 0.1* ar e cause f o r tn e s a r p l e a n a l y s i s t o b er e j e c t e d , s i n c e t h i s c o r r e s p o n d s t o a very i n n o m o a e n e o u s d e p o s i t .I f t h i s occurs, a n e w f i l t e r s h o u l d b e p r e p a r e d , c a v i n g morea t t e n t i o n t o b o t h u n i f o r m d i s p e r s a l o f t h e s u s o e n s i o n a n d t h ef i l t r a t i o n p r o c e d u r e - s d e s c r i b e d i n S e c t i o n 6.3.2.
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7 . 2 C a l c u l a t i o n o f t h e !*ean a n d C o n f i d e n c e I n t e r v a lo f t h e F i b e r C o n c e n t r a t i o n
I n t h e f i b e r c o u n t , a m a x i m u m o f 2 0 g r i d o p e n i n g s have been « - , a r t j l e cf r o m a p o p u l a t i o n o f g r i d o p e n i n g s , a n d i t i s r e a u i r e d t o ce te r -met h e mean g r i d o o e n i n g f i b e r count f o r t h e p o p u l a t i o n o n t h e b a s i so f t h i s s a m p l i n g . T h e i n t e r v a l about t h e s a m p l e m e a n , ' w h i c h , *-::r9 5 5 c o n f i d e n c e , c o n t a i n s t h e p o p u l a t i o n mean, i s a ' s o r e c u i r e d .
T h e d i s t r i b u t i o n o f f i b e r s o n t h e g r i d o p e n i n g s ' s h o u l d t h e o r e t i -c a l l y a p p r o x i m a t e a P o i s s o n d i s t r i b u t i o n . Because o f f i b e ra g g r e g a t i o n a n d s i z e - d e p e n d e n t i d e n t i f i c a t i o n e f f e c t s , t h e f i b e rcount d a t a o f t e n do not c o n f o r m to the P o i s s o n d i s t r i b u t i o n ,p a r t i c u l a r l y a t h i g h f i b e r c o u n t s . S i m p l e a s s u m p t i o n o f a P o i s s o nd i s t r i b u t i o n m a y t h e r e f o r e l e a d t o c o n f i d e n c e i n t e r v a l s narrowert h a n a r e j u s t i f i e d b y t h e d a t a . M o r e o v e r , i f a P o i s s o nd i s t r i b u t i o n i s a s s u m e d , t h e v a r i a n c e i s f i x e d i n r e l a t i o n t o t h et o t a l number c f f i b e r s c o u n t e d . T h u s a p a r t i c u l a r f i b e r countc o n d u c t e d on one g r i d o p e n i n g i s c o n s i d e r e d to have the samec o n f i d e n c e i n t e r v a l a s tha t f o r t h e sar.e number o f f i b e r s f c u r d onmany g r i d o p e n i n g s . H o w e v e r , t h e area o f s a m p l e a c t u a l l y C ' . u r t e di s very s m a l l in r e l a t i o n to the t o t a l area o f the f i l t e r , and fort h i s reason f i b e r s must be c o u n t e d on a m i n i m u m of * g r i d o p e n i n g st ak en f r o m d i f f e r e n t areas o f t h e f i l t e r i n order t o ensurer e p r e s e n t a t i v e e v a l u a t i o n o f t h e d e p o s i t .
A t h i g h f i b e r c o u n t s , where t h e r e a r e a d e o u a t e number s o f f i b e r sp e r g r i d o p e n i n g t o a l l o w a s a m p l e e s t i m a t e o f t h e v a r i a n c e t o b em a d e , t h e d i s t r i b u t i o n c a n b e a p p r o x i m a t e d t o G a u s s i a n , w i t hi n d e p e n d e n t v a l u e s f o r t h e T , e a n a n d v a r i a n c e . W h e r e t h e s a r . o l ee s t i m a t e o f v a r i a n c e e x c e e d s t h a t i m p l i c i t i n t h e P o i s s o n i a na s s u m p t i o n , u s e o f G a u s s i a n s t a t i s t i c s w i t h t h e v a r i a n c e c e^ ine s b yt h e a c t u a l d a t a i s t h e mort c o n s e r v a t i v e a p p r o a c h t o c a l c u l a t i o n o fc o n f i d e n c e i n t e r v a l s .
A t l o w f i b e r c o u n t s , i t i s n o t p o s s i b l e t o o b t a i n a r e l i a b l e s a m p l ee s t i m a t e o f t h e v a r i a n c e , a n d t h e d i s t r i b u t i o n o l s o becor.esa s y m m e t r i c , bu t no t n e c e s s a r i l y P o i s s o n i a n . For 30 f i b e r s andb e l o w , t h e d i s t r i b u t i o n becomes s u f f i c i e n t l y a s y m m e t r i c t h a t t h eG a u s s i a n f i t i s n o l o n g e r a r e a s o n a b l e one, a n d s a m p l e v a r i a n c ee s t i m a t e s a r e u n r e l i a b l e . A c c o r d i n g l y , f o r f i b e r c o u n t s f c e ' c * 2 1f i b e r s , t h e a s s u m p t i o n o f a P o i s s o n t f i s t r i s u t i o n nust b e p a d e f o rc a l c u l a t i o n o f t h e c o n f i d e n c e i n t e r v a l s .
F o r t o t a l f i b e r c o u n t s l e s s t h a n 5 , t h e l ower o f ; c o n f i c e r . c e v a l ^ s" o r r e s p o n d s to one f i b e r or l e s s , and in a d d i t i o n , tr.e u o p e r 9£" :c o n f i d e n c e v a l u e c o r r e s p o n d i n g t o a f i b e r count o f zero i s ? . f i Q

f i b e r s . T h e r e f o r e , i t i s not m e a n i n g f u l to auote lower coni n t e r v a l p o i n t s f o r f i b e r c o u n t s o f l e s s t h a n 5 , a n d t h e ' e s u l ts h o u l d b e s p e c i f i e d a s " l e s s than" t h e c o r r e s p o n d i n g P o i s s c n95 ri c o n f i d e n c e v a l u e .
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F o r f i b e r c o u n t s h i g h e i . t h a n 3 0 , t h e s a m p l e e s t i m a t e o f v a r i a n c e i sa ' s o c a l c u l a t e ? , a n d t h e l a t t e r o f t h e t w o c o n f i d e n c e i n t e r v a l s i ss e l e c t e d . F o r c a l c u l a t i o n r f k o ' s s o n 9 5 " c o n f i d e n c e i n t e r v a l s ,T a b l e 4 0 c r t h e r e f e r e n c e b y E . S . r t j r s o n a n d H . O . H a r t l e y s h o u l dbe u s e d , w i t h an e x t e n s i o n to an e x p e c t a t i o n o f 100. For wore t h a n1 0 0 f i b e r s , t h e P o i s s o n d i s t r i b u t i o n c a n b e a c c u r a t e l y a p p r o x i m a t e db y a G a u s s i a n d i s t r i b u t i o n , s t i l l u s i n g t h e P o i s s o n v a r i a n c ee s t i m a t e . For c oun t s o f more t h a n 30 f i b e r s , t h e 95-; c o n f i d e n c ei n t e r v a l based on a s a m p l e e s t i m a t e o f v a r i a n c e i s c a l c u l a t e d u s i n gt h e S t u d e n t ' s " t " d i s t r i b u t i o n . F o r t h e t w o - s i d e d S t u d e n t ' s " t "c a l c u l a t i o n , k v a l u e s o f g r i d o p e n i n g f i b e r count a r e c o m p a r e d w i t ht h e e x p e c t e d v a l u e s f o r t h e areas o f t h e g r i d o p e n i n g s c on c e rned .

I n summary, f i b e r c o u n t i n g d a t a w i l l t e r e p o r t e d a s f o l l o w s :
N o f i b e r s d e t e c t e d
T h e v a l u e w i l l b e r e p o r t e d a ; l e : s t h a n 369-? o f t h ec o n c e n t r a t i o n e o u i v a l e n t t o o n e f i b e r .
1 to 4 f i b e r s
W h e n 1 t o 4 f i b e r s a r e c o u n t e d , t h e r e s u l t w i l l b e r e p o r t e da s l e s s t han t h e c o r r e s p o n d i n g u p p e r 9 5 ' i c o n f i d e n c e l i i ^ i t( P o i s s o n ) .
5 to 30 f i b e r s
Mean a n d 9 5 * c o n f i d e n c e i n t e r v a l s w i l l b e r e p o r t e d o n t h eb a s i s o f t h e P o i s s o n a s s u r p t i o n .
More t h a n 30 f i b e r s
W h e n more than 3 0 f i b e r s a r e c o u n t e d , bo th t h e G a u s s i a n 9 5 : ' .c o n f i d e n c e i n t e r v a l * n d t h e P o i s s o n 9 5 " = c o n f i d e n c e i n t e r v a lw i l l b e c a l c u l a t e d . T h e l a r g e r o f t h e s e 2 i n t e r v a l s w i l lb « s e l e c t e d f o r d a t a r e p o r t i n g , when t h e G a u s s i a n 9 5 ' Jc o n f i d e n c e i n t e r v a l i s s e l e c t e d f o r d a t j r e p o r t i n g , t h eP o i s s o n i n t e r v a l w i l l a l s o b e n o t e d .

F i b e r c o u n t s p e r f o r m e d o n l e s s t h a n A g r i o o p e n i n g s y i e l c very9 5 5 c o n f i d e n c e i n t e r v a l s when u s i n g G a u s s i a n s t a t i s t i c s . T h i s ' sbecause t h e v a l u e o f S t u d e n t ' s " t " i s very l a r g e f o r 1 a n d 2d e g r e e s o f f r e e d o m . A c c o r d i n g l y , f i b e r c o u n t s t u s t no t b e -i»ace c«l e s s t h a n 4 g r i d o p e n i n g s .
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T h e s a m o l e e s t i m a t e o f v a r i a n c e $ 2 i s f i r s t c a l c u l a t e d :

J * Rz
(k - 1)

where: n ^ » N u m b e r o f f i b e r s o n t h e i ' t h qrid o p e n i n g
n • T o t a l number o f f i b e r s f o u n d in k g r i d o p e n i n g s
P-i * F r a c t i o n o f the t o t a l area e x a m i n e d r e o r e s e n t e d byt h e i ' t h g r i d o p e n i n g
k • Number of gr id o p e n i n g s

For th e 95% c o n f i d e n c e i n t e r v a l , th e v a l u e o f 10.975 i s o b t a i n e df r o m t a b l e s f o r ( k - 1 ) d e g r e e s o f f r e e d o m . I f t h e mean v a l u e o ff i b e r count i s c a l c u l a t e d to he n, the uooer and l ower v a l u e s i fthe 95* c o n f i d e n c e i n t e r v a l are g i v e n by:

n - R.U1

where: n;j • Uooer 95" c o n f i d e n c e
nj_ * Lower 95" c o n f i d e n c e l i m i t
n * Mean number of H b e r > per g r i d o o e n i n g
s » S t a n d a r d d e v i a t i o n ( s q u a r e root o f s a m p l e e s t i m a t eo f v a r i a n c e )
k * Number c* g r i d o p e n i n g s



T h e f i b e r c o n c e n t r a t i o n i n M F L w h i c h c o r r e s p o n d s t o c o u n t i n g o f o n ef i b e r i s g i v e n b y :

Af * R0A x V x 1000

E f f e c t i v e f i l t r a t i o n area o f f i l t e r membrane i nT O T used f o r f i l t r a t i o n o f l i o u i d s a m p l e

where:

A • T o t a l area e x i m i n e d in
V » O r i g i n a l v o l u m e o f s a m p l e f i l t e r e d ( m l )
R g « D i l u t i o n r a t i o o f o r i g i n a l s a m p l e

T h e mean c o n c e n t r a t i o n 1 n M F L i s o b t a i n e d b y m u l t i p l y i n g t h e meannumber o f f i b e r s p e r g r i d o p e n i r g b y k C . T o o b t a i n t h e uooer a n dl ower 9 5 ? c o n f i d e n c e l i m i t s f o r t h e c o n c e n t r a t i o n ( i n M ^ L ) m u l t i p l ythe v a l u e s n(j and n^ by kC.
7 . 3 E s t i m a t e d M a s s C o n c e n t r a t i o n

T h e mass o f each a m p h i b o l e f i b e r i n m i c r o g r a m s i s c a l c u l a t e d u s i n gt h e r e l a t i o n s h i p :
H » L x W 2 x D x 10"6

where: M m M a s s in m i c r o g r a m s
L • L e n g t h in urn
W m w i d t h in --m
0 « D e n s i t y of f i b e r in
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F o r c h r y s o t i l e , t h e mass m a y b e c a l c u l a t e d u s i n g t h e r e l a t l c n s n i of o r a c y l i n d e r :
M « J x L x « 2 x D x l O ' 6

T h e e s t i m a t e d mass c o n c e n t r a t i o n i s t h e n g i v e n b y :

1 « n
M,. » C x / M. x 106

C Z . — — i 1i - 1

where:
M C » M a s s c o n c e n t r a t i o n i n i . g / L
C * f i b e r c o n c e n t r a t i o n i n M F L , w h i c h c o r r e s p o n d s t oc o u n t i n g o f one f i b e r

M } " M a s s o f t h e i ' t h f i b e r , i n m i c r o g r a m s
n » T o t a l number o f f i b e r s f o u n d in k g r i d o p e n i n g s

The d e n s i t i e s t o b e as sumed are a s f o l l o w s :
C h r y s o t i l e 2.55 g / c m
C r o c i d o l i t e 3.37 g / c m 3

C u m m i n g t o n i t e 3.28
G r u n e r i t e 3.52 g / c m 3

A m o s i t e 3.43 g / c m
A n t h o o h y l l i t e 3.00 g / c m 3

T r e m o l i t e 3.00
A c t i n o l i t e 3.10 g / c m 3

Unknown A m p h i b o l e 3.20
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7 . 4 F i b e r L e n g t h , W i d t h , M a s s a n d A s p e c t R a t i o D i s t r i b u t i o n s
T h e d i s t r i b u t i o n s a l l a p p r o x i m a t e t o l o g a r i t h m i c - n o r m a l , a n d s o t h es l 2 e range i n t e r v a l s f o r c a l c u l a t i o n o f t h e d i s t r i b u t i o n must b es p a c e d l o g a r i t h m i c a l l y . T h e o t h e r c h a r a c t e r i s t i c s r eou ir ed f o r t h ec h o i c e o f s i z e i n t e r v a l s a r e t h a t t h e y s h o u l d a l ' o w f o r as u f f i c i e n t number o f s i z e c l a s s e s , w h i l e s t i l l r e t a i n i n g as t a t i s t i c a l l y - v a l i d number o f f i b e r s i n each c l a s s . I n t e r p r e t a t i o ni s a l s o f a c i l i t a t e d i f each s i z e c l a s s r e p e a t s a t d e c a d ei n t e r v a l s . A r a t i o f r o m one c l a s s t o t h e next o f 1 .468 s a t i s f i e sa l l o f t h e s e r e q u i r e m e n t s . T h e o t h e r c o n s t r a i n t s a r e t h a t t h el e n g t h d i s t r i b u t i o n s h o u l d i n c l u d e 0 . 5 u r n a s o n e i n t e r v a l p o i n t ,s i n c e t h i s i s th e m i n i m u m l e n g t h t o b e c o u n t e d in th e m e t h o d , andt h e m i n i m u m a s p e c t r a t i o i s b y d e f i n i t i o n 3 . 0 . T h e r e s u l t i n g s i z ec l a s s e s f o r t h e v a r i o u s d i s t r i b u t i o n s c a n b e seen i n t h e e x a m p l eshown i n A p p e n d i x B . T h e d i s t r i b u t i o n s , b e i n g a p p r o x i m a t e l yl o g a r i t h m i c - n o r m a l , must b e p l o t t e d u s i n g a l o g a r i t h m i c c r d i n a t es c a l e and a G a u s s i a n a b s c i s s a .
7 . 4 . 1 F i b e r L e n g t h C u m u l a t i v e N u m b e r D i s t r i b u t i o n

T h i s d i s t r i b u t i o n a l l o w s t h e f r a c t i o n o f t h e t o t a l numbero f f i b e r s e i t h e r s h o r t e r or l o n g e r t h a n a o i v e n l e n a t h t ob e d e t e r m i n e d . I t i s c a l c u l a t e d u s i n g t h e r e l a t i o n s h i p :

x 100

1 » 1

where:
C ' N ) k " C u r r j l a t i v e number p e r c e n t a g e o f f i b e r sw h i c h have l e n g t h s l e s s t h a n t h e u p p e rbound o f t h e k ' t h c l a s s
n < » N u m b e r - o f f i b e r s i n t h e i ' t h l e n g t h c l a s s .
N « T o t a l number o f l e n g t h c l a s s e s
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7.4.2 F i b e r W i d t h C u m u l a t i v e N u m b e r D i s t r i b u t i o n
T h i s d i s t r i b u t i o n a l l o w s t h e f r a c t i o n o f t h e t o t a l number o ff i b e r s e i t h e r narrower or w i d e r t h a n a g i v e n w i o t h t o b ed e t e r m i n e d . I t i s c a l c u l a t e d i n a s i m i l a r w a y t o t h a t usedi n 7.4.1 f o r t h e l e n g t h d i s t r i b u t i o n .

7.4.3 F i b e r L e n g t h C u m u l a t i v e M a s s D i s t r i b u t i o n
T h i s d i s t r i b u t i o n a l l o w s t h e f r a c t i o n o f t h e t o t a l mas si n c o r p o r a t e d i n f i b e r s e i t h e r s h o r t e r o r l o n g e r t h a n a g i v e nl e n g t h t o b e d e t e r m i n e d . I t i s c o m p u t e d u s i n g t h er e l a t i o n s h i p :

( M } k

1 • kZ Z
i » N jz:i - 1 j * i

i — n J • ' *z r x 100

where:
C ( M ) k * C u m u l a t i v e m a s s p e r c e n t a g e o f f i b e r s w h i c hhave l e n g t h s l e s s t h a n t h e u p p e r bound o ft h e k ' t h c l a s s
n ^ » N u m b e r o f f i b e r s i n t h e i ' t h l e n g t h c l a s s
l j « L e n g t h o f t h e j ' t h f i b e r i n t h e i ' t hl e n g t h c l a s s
* j » W i d t h o f t h e j ' t h f i b e r i n t h e i ' t h l e n g t hc l a s s
N » T o t a l number o f l e n g t h c l a s s e s

7.4.4 F i b e r A s p e c t R a t i o C u m u l a t i v e N u m b e r D i s t r i b u t i o n
T h i s d i s t r i b u t i o n a l l o w s - t h e f r a c t i o n o f t h e t o t a l nurter o ff i b e r s w h i c h have a s p e c t r a t i o s e i t h e r s m a l l e r o r l a r g e rt h a n a g i v e n a s p e c t r a t i o t o b e d e t e r m i n e d . I t i s



c a l c u l a t e d in a s i m i l a r way to t h a t used in 7.4.1 for thel e n g t h d i s t r i b u t i o n .
7.4.5 F i b e r M a s s C u m u l a t i v e N u m b e r D i s t r i b u t i o n

T h i s d i s t r i b u t i o n a l l o w s t h e f r a c t i o n o f t h e t o t a l numbero f f i b e r s w h i c h have m a s s e s e i t h e r s m a l l e r o r l a r g e r t h a n ag i v e n mass t o b e d e t e r m i n e d . I t i s c a l c u l a t e d b y p l a c i n gt h e f i b e r s i n t o l o g a r i t h m i c a l l y - s p a c e d mas s c a t e g o r i e s ,a f t e r wh i ch t h e c u m u l a t i v e f r e q u e n c y d i s t r i b u t i o n i so b t a i n e d in a s i m i l a r way to t h a t used in 7.4.1 for thel e n g t h d i s t r i b u t i o n .
7 . 5 I n d e x O f F i b r o s i t y

I t i s p o s s i b l e t o d i s c r i m i n a t e b e tween a m p h i b o l e a s b e s t o s f i t e r sa n d a m p h i b o l e c l e a v a g e f r a g m e n t s o n t h e b a s i s o f t h e d i s t r i b u t i o no f t h e i r a s p e c t r a t i o s . T h e c o n c e p t o f f i b r o s i t y i n a m i n e r a le m b o d i e s a h i g h m e d i a n a s p e c t r a t i o , t o g e t h e r w i t h a l a r g e :pr eadof a s p e c t r a t i o s above the m e d i a n v a l u e . A s i n g l e number can beused t o d e s c r i b e t h e f i b r o s i t y o f a m i n e r a l f i b e r d i s p e r s i o n , a n din many cases the v a l u e can be used to s t a t e i f the m a t e . - i a l i s ori s n o t a s b e s t o s . T h e f i b r o s i t y i n d e x c a n b e d e f i n e d t h u s :

whers R i s the m e d i a n o f the asoect r a t i o d i s t r i b u t i o n and g i s theg e o m e t r i c s t a n d a r d d e v i a t i o n o f t h e a s p e c t r a t i o d i s t r i b u t i o n abovet h e m e d i a n . T h e v a l u e o f g i s o b t a i n e d f r o m t h a t p o r t i o n o f t h ed i s t r i b u t i o n l y i n g b e tween o n e a n d t w o g e o m e t r i c s t a n d a r dd e v i a t i o n s above t h e m e d i a n . M e a n i n g f u l v a l u e s o f t h e i n d e x o ff i b r o s i t y c a n b e o b t a i n e d f o r most w a t e r b o r n e f i o e r j i s o e r s i o n s i fmore t h a n 50 f i b e r s h;ve been mea sur ed .
T h e f i b r o s i t y i n d e x a s d e f i n e d above h a s v a l u e s e x c e e d i n g 1 0 0 f o rw a t e r b o r n e d i s p e r s i o n s o f a s b e s t o s . V a l u e s b e l o w 5 0 i n d i c a t e ad i s t r i b u t i o n c h a r a c t e r i s t i c o f c l e a v a g e f r a g m e n t s , o r o n e f r o mw h i c h t h e h i g h a s p e c t r a t i o f i b e r s have been s e l e c t i v e l y r emoved.

8 . R E P O R T I N G
T h e c o m p u t e r p r o g r a m p r o v i d e d i n A p p e n d i x B s a t i s f i e s a l l o f t h er e p o r t i n g r e q u i r e m e n t s f o r t h i s a n a l y t i c a l m e t h o d , a n d i t i s r e c c rnrendedt h a t t h i s f o r m a t b e u s ed . T h e s i z e c l a s s i f i c a t i o n s used mus t b e t h e saneas t h o s e in Appendix B.
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8 .1 B e f o r e t h e f i b e r count d a t a can b e p r o c e s s e d t o g i v e c o n c e n t r a t i o nv a l u e s , a d e c i s i o n must b e made a s t o w h i c h f i b e r c l a s s i f i c a t i o n sar e t o b e c o n s i d e r e d a d e q u a t e a s i d e n t i f i c a t i o n o f t h e f i b e rs p e c i e s i n q u e s t i o n . T h i s d e c i s i o n w i l l deoend o n h o w much i sknown about t h e p a r t i c u l a r source f r o m w h i c h t h e s a m o l e wa s -c o l l e c t e d .
F o r a s a m p l e f r o m a c o m p l e t e l y u n c h a r a c t e r i z e d source , t h ef o l l o w i n g p r o c e d u r e w i l l b e used t o a c c u m u l a t e t h e c l a s s i f i e df i b e r s :

a ) C o n f i r m e d A m p h i b o l e : A Z Z Q * A Z Q + A Z Z( s o l u t i o n s must i n c l u d e o n l ya m p h i b o l e s )
b ) A m p h i b o l e Best E s t i m a t e * : A Z Z Q * A Z Q * A Z Z * A Z *ADQ * AQ
c ) S u s p e c t e d A m p h i b o l e : A D X * A X + A D •
d) C o n f i r m e d C h r y s o t i l e : COQ * CD
e) C h r y s c t i l e Best E s t i m a t e * : COQ + CD + CMQ * CC
f ) S u s p e c t e d C h r y s o t i l e : C M

* N O T E : Best e s t i m a t e c a n b e r e p o r t e d o n l y i f some f i b e r s a r e a l s or e p o r t e d i n t h e c o n f i r m e d c a t e g o r y , o t h e r w i s e a l l f i b e rc l a s s i f i c a t i o n s must b e r e p o r t e d a s s u s p e c t e d a m p h i b o l e orC h r y s o t i l e .
8 . 2 T h e c o n c e n t r a t i o n i n M F l , t o g e t h e r w i t h 9 5 * c o n f i d e n c e i n t e r v a l s ,w i l l b e r e p o r t e d f o r t h e g r o u p i n g s i n S e c t i o n 8 . 1 ( a ) t o ( f ) .
8 . 3 T w o s i g n i f i c a n t f i g u r e s w i l l n o r m a l l y b e used f o r c o n c e n t r a t i o n sg r e a t e r than 1 M F L , a n d o n e s i g n i f i c a n t f i g u r e f o r c o n c e n t r a t i o n sl e s s than 1 M F L .
8 .4 For c o n f i r m a t i o n o f c h r y s o t i T e , a m i c r o g r a p h and a c a l i b r a t e dd i f f r a c t i o n p a t t e r n w i l l b e p r o v i d e d f r o m a t y p i c a l f i b e r . T h ei d e n t i f i c a t i o n f e a t u r e s in F i g u r e 17 must b e v i s i b l e on th ed i f f r a c t i o n p a t t e r n .

F o r c o n f i r m a t i o n o f a m p h i b o l e , e i t h e r ( 1 ) o r ( 2 ) o r ( 3 ) b e l o w -nustb e p r o v i d e d f o r a t y p i c a l f i b e r o f each a m p h i b o l e v a r i e t yr e p o r t e d . T h e d a t a p r o v i d e d must y i e l d s o l u t i o n s w h i c h i n c l u d eo n l y a m p h i b o l e .
1 } A m i c r o g r a p h , a c a l i b r a t e d zone a x i s S A E D p a t t e r n , a n da n E D X A s p e c t r u m t o g e t h e r w i t h p e a k area -nea surement sa n d E D X A c a l i b r a t i o n d a t a ;
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2 ) A m i c r o g r a p h , a n d t w o c a l i b r a t e d zone a x i s S A t Dp a t t e r n s w i t h a mea surement o f t h e a n g u l a r r o t a t i o nbe tween th e two p a t t e r n s ;
- 3 ) A m i c r o g r a p h , t w o c a i b r a t e d zone a x i s S A E D p a t t e r n sw i t h a ii:easurerrent o f t h e a n g - j l a r r o t a t i o n b e twe en t h etwo p a t t e r n s , and an ED*a. s p e c t r u m t o g e t h e r w i t h r e a karea m e a s u r e m e n t s a n d E D X A c a l i b r a t i o n d a t a .

8 . 5 T a b u l a t e t h e l e n g t h , w i d t h a n d a s p e c t r a t i o d i s t r i b u t i o n s .
8 . 6 R e p o r t * h e e s t i m a t e d mass c o n c e n t r a t i o n i n u g / L f o r each o f t h eg r o u p i n g s i n S e c t i o n 8 . 1 ( a ) t o ( f ) .
8 . 7 O n e s i g n i f i c a n t f i g u r e w i l l n o r m a l l y b e used f o r r e p o r t i n g ma s sc o n c e n t r a t i o n .
8 . 8 R e p o r t t h e c o n c e n t r a t i o n i n M F L c o r r e s p o n d i n g t o o n e f i b e rd e t e c t e d .
8 . 9 R e p o r t t h e t o t a l number o f f i b e r s c o u n t e d i n each o f t h e g r o u p i n g si n S e c t i o n 8 . 1 ( a ) t o ( f ) .
8.10 R e p o r t t h e X * v a l u e f o r each o f t h e g r o u p i n g s i n S e c t i o n 8 . 1 ( a )t o ( f ) .
8.11 R e p o r t t h e nunber o f f i b e r a g g r e g a t e s n o t i n c l u d e d i n t h e f i b e rcount
8.12 R e p o r t any . s p e c i a l c i r c u m s t a n c e s •?" o b s e r v a t i o n s soch asa g g r e g a t i o n , p r e s e n c e o f o r g a n i c m a t e r i a l s , amount o f d e b r i s ,p r e s e n c e o f o t h e r f i b e r s a n d t h e i r p r o b a b l e i d e n t i t y ' f known.

9 . L I M I T A T I O N S O F A C C U R A C Y
9 . 1 Errors a n d L i m i t a t i o n s o f I d e n t i f i c a t i o n

C o m p l e t e i d e n t i f i c a t i o n o f every c h r y s o t i l e f i b e r i s n o t p o s s i b l e ,d u e t o b o t h i n s t r u m e n t a l l i m i t a t i o n s a n d t h e n a t u r e o f some o f t h ef i b e r s . T h e requirement f o r a c a l i b r a t e d S A E O p a t t e r n e l i m i n a t e st h e p o s s i b i l i t y o f a n incorre c t i d e n t i f i c a t i o n o f t h e f i b e rs e l e c t e d . H o w e v e r , there 1 s a p o s s i b i l i t y o f m i s i d e n t i f i c a t i o n o fo ther c h r y s o t i l e f i b e r s f o r w h i c h b o t h m o r p h o l o g y a n d S A E D p a t t e r na r e r e p o r t e d o n t h e b a s i s o f v i s u a l i n s p e c t i o n o n l y . T h e o n l ys i g n i f i c a n t p o s s i b i l i t i e s o f m i s i d e n t i f i c a t i o n occur w i t hh a l l o y s i t e , v e m i c u l i t e s c r o l l s o r p a l y g o r s k i t e , a l l o f w h i c h c a nbe d i s c r i m i n a t e d f r o m c h r y s o t i l e by th e - s e o f EDXA and byo b s e r v a t i o n o f t h e 0.73 r .m ( 0 0 2 ) r e f l e c t i o n o f c h r y s o t i l e in t h eS A E D p a t t e r n .
A s i n t h e case o f c h r y s o t i l e f i b e r s , c c m p l e t a i d e n t i f i c a t i o n o fevery a m p h i b o l e f i b e r i s n o t p o s s i b l e d u e t o i n s t r u m e n t a l
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l i m i t a t i o n s and th e n a t u r e o f some o f th e f i b e r s . M o r e o v e r ,c o m p l e t 2 i d e n t i f i c a t i o n o f every a m o h i b o l e f i b e r i s u s u a l l y n o tp r a c t i c a l du e t o l i m i t a t i o n s o f b o th t i m e and cost . P a r t i c l e s o f anumber o f o ther m i n e r a l s h a v i n g c o m p j s i t i o n s s i m i l a r t o tho s e o fsome a m p h i b o l e s c o u l d b e e r r o n e o u s l y c l a s s i f i e d a s a m p h i b o l e when.the c l a s s i f i c a t i o n c r i t e r i a d o n o t i n c l u d e zone a x i s S A E Ot e c h n i q u e s . H o w e v e r , t h e r equ i r emen t f o r q u a n t i t a t i v e F . D * Am e a s u r e m e n t s o n a l l f i b e r s a s s u p o o r t f o r t h e random o r i e n t a t i o nS A E O t e c h n i q u e makes m i s i d e n t i f i c a t i o n very u n l i k e l y , p a r t i c u l a r l ywhen o t h e r s i m i l a r f i b e r s i n t h e same s a m p l e have been i d e n t i f i e da s a m p h i b o l e b y zone a x i s m e t h o d s . T h e p o s s i b i l i t y o fm i s i d e n t i f i c a t i o n i s f u r t h e r reduced w i t h i n c r e a s i n g a s p e c t r a t i o ,s ince many of the m i n e r a l s w i t h wh i ch a m p h i b o l e may be c o n f u s e d don o t d i s p l a y i t s p r o m i n e n t c l e a v a g e p a r a l l e l t o t h e c-ax i s .
9.2 O b s c u r a t i o n

I f l a r g e a m o u n t s o f o t h e r m a t e r i a l s a r e p r e s e n t , some a s b e s t o sf i b e r s m a y n o t b e observed because o f p h y s i c a l o v e r l a p p i n g . T h i sw i l l r e s u l t i n l o w v a l u e s f o r t h e r e p o r t e d a s b e s t o s c o n t e n t .
9 . 3 I n a d e q u a t e D i s p e r s i o n

I f t h e i n i t i a l wa t er s a m p l e c o n t a i n s o r g a n i c m a t e r i a l w h i c h i si n c o m p l e t e l y o x i d i z e d i n t h e orone-UV t r e a t m e n t , i t w i l l n o t b ep o s s i b l e t o d i s p e r s e a n y f i b e r s a s s o c i a t e d w i t h t h e o r g a n i cm a t e r i a l . T h i s m a y l e a d t o a d h e s i o n o f some f i b e r s t o t h ec o n t a i n e r w a l l s a n d a l i q u o t s t a k e n d u r i n g f i l t r a t i o n w i l l t h e n n o tb e r e p r e s e n t a t i v e . I t m a y a l s o l e a d t o a l a r g e p r o p o r t i o n o f f i b e ra g g r e g a t e s w h i c h a r e e i t h e r n o t t r a n s f e r r e d d u r i n g t h e r e p l i c a t i o na n d f i l t e r d i s s o l u t i o n s t e p o r w h i c h cannot b e c o u n t e d d u r i n g t h es a m p l e e x a m i n a t i o n . T h e r e s u l t o b t a i n e d f r o m such a n a n a l y s i s w . l lb e low. T h e s a m p l e w i l l a l s o b e i n a d e q u a t e l y d i s o e r s e d i f i t i sno t t r e a t e d in an u l t r a s o n i c b a t h p r i o r t c f i l t r a t i o n , andt h e r e f o r e i n s t r u c t i o n s r e g a r d i n g t h i s t r e a t m e n t must b e f o l l o w e dc l o s e l y .
9.4 C o n t a m i n a t i o n

C o n t a m i n a t i o n b y i n t r o d u c t i o n o f e x t r a n e o u s f i b e r s d u r i n g t h ea n a l y s i s i s a n i m p o r t a n t source o f erroneous r e s u l t s , p a r t i c u l a r l yf o r c h r y s o t i l e . T h e p o s s i b i l i t y o f c o n t a m i n a t i o n , t h e r e f o r e ,s h o u l d a l w a y s be a c o n s i d e r a t i o n .
9 . 5 F r e e z i n g

T h e e f f e c t o f f r e e z i n g o n a s b e s t o s f i b e r s i s n o t known b u t t h e r e i sreason to su spe c t .that f i b e r b r e a k d o w n c o u l d occur and r e s u l t in ah i g h e r f i b e r count t h a n w a s p r e s e n t i n t h e o r i a i n a l s a m p l e .T h e r e f o r e , t h e s a m p l e s h o u l d b e t r a n s p o r t e d t o t h e l a b o r a t o r y a n ds t o r e d u n d e r c o n d i t i o n s t h a t w i l l a v o i d f r e e z i n g .
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1 0 . P R E C I S I O N A N D A C C U R A C Y
10.1 G e n e r a l

T h e . p r e c i s i o n t h a t can be o b t a i n e d i s d e p e n d e n t upon the nunoer o ff i b e r s c o u n t e d , a n d o n t h e u n i f o r m i t y o f p a r t i c u l a t e d e p o s i t o n t h eo r i g i n a l f i l t e r . I f 1 0 0 f i b e r s a r e c oun t ed a n d t h e l o a d i n g i s a tl e a s t 3 . 5 f i b e r s / g r i d square , c o m p u t e r m o d e l i n g o f t h e c o u n t i n gp r o c e d u r e shows t h a t a r e l a t i v e s t a n d a r d d e v i a t i o n o f about I C r i c a nb e e x p e c t e d . As th e number o f f i b e r s c ount ed d e c r e a s e s , t h ep r e c i s i o n w i l l a l s o decrease a p p r o x i m a t e l y a s »N where N i s thenumber o f f i b e r s c o u n t e d . I n a c t u a l p r a c t i c e , some d e g r a d a t i o nf r o m t h i s p r e c i s i o n w i l l b e ob s erved . T h i s d e g r a d a t i o n i s aconsequence o f s a m p l e p r e p a r a t i o n errors , n o n - u n i f o r n r i t y o f t h ef i l t e r e d p a r t l c u l a t e d e p o s i t , a n d f i b e r i d e n t i f i c a t i o n v a r i a b i l i t ybetween o p e r a t o r s a n d between i n s t r u m e n t s . T h e 9 5 2 c o n f i d e n c ei n t e r v a l about t h e mean f o r a s i n g l e f i b e r c o n c e n t r a t i o nmeasurement u s i n g t h i s a n a l y t i c a l method s h o u l d b e about ±25S whenabout 100 f i b e r s are counted over 20 g r i d o o en ing s . For t h e s ec o n d i t i o n s the p r e c i s i o n o f the c o m p u t e d mass c o n c e n t r a t i o n i sg e n e r a l l y l ower t h a n t h e p r e c i s i o n f o r t h e f i b e r numberc o n c e n t r a t i o n . T h e p r e c i s i o n t o b e e x p e c t e d f o r a s i n g l ed e t e r m i n a t i o n o f mass c o n c e n t r a t i o n i s c r i t i c a l l y d e p e n d e n t o n t h ef i b e r w i d t h d i s t r i b u t i o n . F o r a r e s u l t based o n mea surement o f am i n i m u m of about 100 f i b e r s , the 953 c o n f i d e n c e i n t e r v a l about themean c o m p u t e d mass c o n c e n t r a t i o n may vary be tween ±25* and =60*.I f b e t t e r p r e c i s i o n i s r e a u i r e d f o r a mass d e t e r m i n a t i o n , t h ea l t e r n a t i v e c o u n t i n g m e t h o d d e s c r i b e d i n S e c t i o n 6.5.5 s h o u l d o eused.
10.2 P r e c i s i o n

10.2.1 I n t r a - L a b o r a t o r y C o m p a r i s o n U s i n g e n v i r o n m e n t a l W a t e rS o u r c e s
T a b l e 6 shows t h e r e s u l t s o b t a i n e d f r o m a n a l y s i s o f 1 0r e p l i c a t e s a m p l e s f r o m each o f 8 wat er s a m p l i n g l o c a t i o n s .F o u r o f t h e s e l o c a t i o n s were a s s o c i a t e d w i t h a source o fc h r y s o t i l e a n d f o u r a s s o c i a t e d w i t h a source o f a m p h i b o l e .I t c a n b e seen t h a t t h e r e l a t i v e s t a n d a r d d e v i a t i o n s o f t h enumber c o n c e n t r a t i o n s r a n g e b e tween 13*j and 22". Thec o r r e s p o n d i n g r e l a t i v e s t a n d a r d d e v i a t i o n s f o r t h e mas sc o n c e n t r a t i o n s range be tween 29C> and 69".

10.2.2 I n t e r - L a b o r a t o r y C o m p a r i s o n o f F i l t e r s P r e o a r e d U s i n gS t a n d a r d D i s p e r s i o n s a n d E n v i r o n m e n t a l W a t e r S o u r c e s
T a b l e s 7 a n d 8 show t h e f i b e r c o u n t i n g r e s u l t s o b t a i n e dwhen s e c t o r s o f f i l t e r s p r e p a r e d i n t h e O R F L a b o r a t o r y wered i s t r i b u t e d t o s i x l a b o r a t o r i e s c o n s i d e r e d e x p e r i e n c e d i n' a s b e s t o s a n a l y s i s b y t h e i d e n t i f i c a t i o n a n d c o u n t i n gt e c h n i q u e s i n c o r p o r a t e d i n t h i s m a n u a l . T h e s a m p l e s a s
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T A B L E 6 . 1 N T R A - L A B O R A T O R Y C O M P A R I S O N O F E N V I R O N M E N T A L W A T E R S A M P L E S
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T A B L E 7 . I N T E R - L A B O R A T O R Y C O M P A R I S O N : S T A N D A R D D I S P E R S I O N S
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L a b o r a t o r y

1
I

3
4

5

6

Mean Concent rat ion
S t a n d a r d D e v i a t i o n
R e l a t i v e S t a n d a r d D e v i a t i o n
F i b e r S p e c i e s R e p o r t e d

S a m p l e 4
C o n c e n t r a t i o n , M F L

Mean

1.71

1.47

2.11

2.50

1.31

1 . S 3

95t C o n f i d e n c eI n t e » v a l
1.19 - 2.23

0.61 - 2.33

1.36 - 2. (16

2.01 - 2.99

0.63 - l . ° 9

0.62 - 2.44

Number o fF i b e r sCoun t ed

48

27

29

35

19

30

1.77
0.45
2S*

A i n p h i b o l c

S a m p l e 5
C o n c e n t r a t i o n . M F L

Mean

10.6

5.87

6.10

6.74

5.17

6.27

951 C o n f i d e n c eI n t e r v a l
9.06 • 12.1

3.30 - 8.44

4.92 - 7.28

5.22 - 8.26

4.14 - 6.20

0.72 - 11.8

N u m b e r o fF i b e r sCount ed

113

41

76

79

72

78

0.79
1.94
29X

C h r y s o t i l c
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d i s t r i b u t e d were i d e n t i f i e d b y number o n l y . I n T a f c l e 7 i tc a n b e seen t h a t t h e r e l a t i v e s t a n d a r d d e v i a t i o n s f o r t h es i x r e s u l t s o n each o f t h e s t a n d a r d d i s p e r s i o n f i l t e - s d i er o t exceed 272. I n T a b l e 8 , t h e e n v i r o n m e n t a l w a t e rsources used t o p r e p a r e t h e f i l t e r s a m p l e s c o n t a i n e ds i m i l a r t y p e s o f s u s p e n d e d m a t e r i a l s a s t h o s e usec t og e n e r a t e t h e i n t n - l a b o r a t o r y r e s u l t s i n T a b l e 6 . T h er e l a t i v e s t a n d a r d d e v i a t i o n s d o n o t e x c e ed 29";, w h i c ha p p e a r s h i g h e r t h a n t h e v a l u e s o b t a i n e d f o r t h ei n t r a - l a b o r a t o r y r e s u l t s . H o w e v e r , when t h e 6i n t e r - l a b o r a t o r y r e s u l t s are c o m p a r e d w i t h the 10i n t r a - l a b o r a t o r y v a l u e s , t h er e i s n o s t a t i s t i c a l l ys i g n i f i c a n t d i f f e r e n c e t o i n d i c a t e t h a t t h e r e h a s been a n yd e g r a d a t i o n o f p r e c i s i o n .
10.3 A c c u r a c y

10.3.1 I n t r a - a n d I n t e r - L a b o r a t o r y C o m p a r i s o n o f S t a n d a r dD i s p e r s i o n s o f A s b e s t o s F i b e r s
T a b l e s 9 and 10 show the r e s u l t s o b t a i n e d b e twe en twol a b o r a t o r i e s when s t a b l e aaueous f i b e r d i s p e r s i o n s o f kncwnmass c o n c e n t r a t i o n s were a n a l y z e d . T h e f i b e rc o n c e n t r a t i o n s r e p o r t e d d i s p l a y e d n o s i g n i f i c a n t d i f f e r e n c ebe tween v a l u e s f r c n t h e t w o l a b o r a t o r i e s . T h e r e l a t i v es t a n d a r d d e v i a t i o n o f t h e mean f i b e r c o n c e n t r a t i o n w a s 1 7 ' .f o r c h r y s o t i l e a n d 1 6 " f o r c r o c i d o l i t e . T h e c o r r e s s o n c i n gr e l a t i v e s t a n d a r d d e v i a t i o n s ' o r t h e n a s s c o n c e n t r a t i o nwere 1 6 * f o r c h r y s o t i l e . a n d 3 7 ' ; f o r c r o c ^ o ' i t e . T ^ sh i g h e r v a r i a b i l i t y f o r c r o c i d o l i t e ' * a conse cuence o f t h el o w s t a t i s t i c a l r e l i a b i l i t y o f t h e ^arqe d i a m e t e r f i s e rc o u n t s . T h e c o m p u t e d mean mass c o n c e n t r a t i c n f o rc h r y s o t i l e w a s about 4 6 ' i h i g h e r t h a n » w e <r»cwnc o n c e n t r a t i o n . T h i s m a y b e a c on s e ouenc e o f t h eo f d i a m e t e r measurement f o r s i n q l e c h r y s o t i l e f i o r i l s c rt h e a s s u m p t i o n o f t h e b u l k v a l u e f o r t h e d e n s i t y . T h ec o m p u t e d mean v a l u e f o r mas s c o n c e n t r a t i o n f o r t h ec r o c i d o l i t e s a m p l e w a s 67.4 u q / L , w h i c h i s very c l o s e t oth e known c o n c e n t r a t i o n o f 50 - g / l .
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Laboratory

1

2

S a m p l e

1C
2C
3C

4C
5C

Mean C o n c e n t r a t i o n
S t a n d a r d D e v i a t i o n
R e l a t i v e S t a n d a r dD e v i a t i o n

F i b e r C o n c e n t r a t i o n , M F L
Mean

210
199
196

132
172

9 5 ' C C o n f i d e n c e I n t e r v a l
165 - 255
149 - 248
166 - 226

09 - 176
146 - 19H

182
31
I 7 v

E s t i m a t e d MassC o n c e n t r a t i o n ,n g / L
1792
1435
1352

1600
19(10

1632
257
16-

Number ofF i b e r s C o u n t e d

147
147
141

50
79
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u*

L a b o r a t o r y

1

S a m p l e

1A
2A
3A

4A
5A

Mean C o n c e n t r a t i o n
S t a n d a r d D e v i a t i o n
R e l a t i v e S t a n d a r dD e v i a t i o n

F i b e r C o n c e n t r a t i o n , M F L
Mean

14R
143
136

188
189

95% C o n f i d e n c e I n t e r v a l

112 - 183
123 - 16.1
98 - 175

132 - 243
149 - 229

161
26
l f r . 4

E s t i m a t e d M a s sC o n c e n t r a t i o n .u q / L

94.0
89.4
66.4

33.0
54.1

67.4
25.3

37:-;

Number o fF i b e r s Count ed

218
195
195

73
178
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Designation: D 3195 - 90 (Reapproved 1998)*
A M E R I C A N S O C I E T Y F O R T E S T I N G A N D M A T E R I A L S100 Bur Hartor On. Wni Consholiodcan, f* 19428R«prtr»d Inm th* Aimual Book <X ASTM Standard!. Copyright ASTM

Standard Practice forRotameter C a l i b r a t i o n 1

This standard is issued under toe f ixed designation 0 3195; the number immediately f o l l owing the designation indicates the year of
original adoption or, io the case of revision, the year of last revision. A number in parentheses indiratn the year of last reapprovaL Asuperscript epsilan («) indicates an editorial change since the last revision or reapprovaL
c' N O T E — P a r a g r a p h X1.5 was corrected editorially in October 1998.______________________

1. Scope
1.1 This practice covers the calibration of variable-areaf lowmeters (rotameters) used to determine air sample volumesat or close to ambient conditions of pressure and temperature,in the analysis of atmospheres for pollutant content1.2 This standard does not purport to address ail of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.
2. Referenced Documents

2.1 ASTM Standards:D 1071 Test Methods for Volumetric Measurement of Gas-eous Fuel Sampl e s 2

D 1356 Terminology Relating to Sampl ing and Analysis of
Atmospheres 3

O 3631 Test Methods for Measuring Surface AtmosphericPressure3

E 1 Spec i f i ca t i on for ASTM Thermometers4

E 337 Test Method for Measuring Humidi ty with a Psy-
chrometer (the Measurement of Wet- and Dry-Bulb Tem-
peratures)3

3. Terminology
3.1 Definitions:3.1.1 For def ini t ions of terms used in this practice, refer toTerminology O 1356.
3.1.2 standard conditions are taken as 25°C and 101.3 kPa(760 mm Hg) at existing ambient humidity. This conforms tomost of the ASTM methods for atmospheric sampling andanalysis that involve volumetric corrections. Absolute tempera-ture scales are to be used when substituting values into theformulae used in this procedure.

1 This practice is under the jurisdiction of ASTM Committee D-22 on Samplingand Analysis of Atmospheresaod is the direct respoosibiliry of SubcominittGOD22.01on Quality Control
Current edition approved Dec, 28, 1990. Published February 1991. Originallypublished as D 3 1 9 S - 7 3 . Last previous edition D3195-73 (1985)*1.1 Annual Book of ASTM Standards, Vol 05.05.
* Animal Book of ASTM Standards. Vol 11.03.4 Annual Book of ASTM Standards, \W 14.03.

4. Summary of Practice
4.1 Two alternative methods of performing the requiredvolume determinations for rotameter calibration are described:4.1.1 Using the water-sealed rotating drum meter (wet testmeter). See Section 7.4.1.2 Using the volumetric gasometer (bell prover). SeeSection 8.

5. Signif icance and Use
5.1 Choice of method depends primarily on which equip-ment is available. Higher accuracy is possible with the gasom-eter. The accuracies of the methods of atmospheric analysis, for

which the calibration procedure is intended, do not warrant thevery highest possible accuracy in Sow measurement
6. Apparatu s

6,1 Wet Test Meter, or Volumetric Gasometer, with waterseal and equipped with a water manometer on the inlet6J2 Counter Balance Weights, for gasometer.
6.3 Mercury Barometer—See Test Methods D 3631.6.4 Psychrometer, (if room air is used for calibration gas).See Test Method E 337.6.5 Thermometer, to measure ambient temperature. SeeSpec i f i ca t i on E l .6.6 Stopwatch.6.7 Air Supply, either a cylinder oftompressed air or a

diaphragm type pump of adequate capacity and a ballastvolume or restrictor to eliminate pulsations.6.8 Needle Valve.
7. Procedure Using Wet Test Meter

7.1 Unless it was already calibrated within the previous 3months, calibrate the wet test meter by Test Methods D 1071.The method described in Section 19 is recommended forhighest accuracy.12 Set up the apparatus as shown in Fig. 1, makingconnections as short as pos s ib le and large enough insidediameter to avoid any appreciable pressure drops.7.3 Before and af t er the complete calibration run, recordroom temperature, barometric pressure in accordance with TestMethods O 3631, and relative humidity (when room air is usedfor calibrating gas) in accordance with Test Method E 337. Use
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FIG. 1 Calibration Assembly Using Wet Test Meter
average values for subsequent calculations.7.4 Start air f l o w i n g through the rotameter and wet testmeter. A d j u s t the Sow to the desired rate with the needle valve.Take a pair of rimed readings on the wet test meter, understeady f l o w , for each of f ive or more uniformly spaced pointson the rotameter scale, going from low values to high values.Repeat, going from high to low. N o t e the manometer readingand meter water temperature for each meter reading.

8. Procedure Using Gasometer
8.1 Unless it was already calibrated within the previous sixmonths, in the same location, calibrate the gasometer by Test"• lethods D 1071.

8.2 Set up the apparatus as shown in Fig. 2, makingconnections as short as poss ible and large enough insidediameter to avoid any appreciable pressure drops.
8.3 Before and af t er the comple te calibration run, record theroom temperature, barometric pressure, and relative humidity(when room air is used for calibrating gas). Use average valuesfor subsequent calculations.
8.4 Start air f l o w i n g through the rotameter and into thegasometer. A d j u s t the f l o w to the desired value with the needlevalve.
8.5 A d j u s t eight counterbalance weights on the gasometeras required to maintain no greater than 2. in. of water back-pressure when operating.
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RG. 2 Calibration Assembly Using Gasometer
2
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8.6 Take a pair of timed readings on the gasometer scale,'under steady f l o w , for each of f ive or more uniformly spacedpoints on the rotameter scale going from low values to highvalues. Repeat, going from high to low.

9. Calculat ions
9.1 Convert all temperature and pressure readings to abso-lute units, as f o l l ows:

°R (1)
" C H - 2 7 3 - J C

in. of water X 0.249 = kPa
in. of water X 0.0737 = in. Hg
in. of water X 1.87 — mm Hg

9.2 Calculate the indicated Sow readings for all recordedrotameter points by dividing the indicated del ta volumes by thetime.9.3 Using the f o l l o w i n g equation, convert these indicatedSow readings to actual f l o w s that would be indicated by therotameter if it were calibrated for air at the standard conditionsstated in 5.2:

(2)
where: (see A p p e n d i x )Qi — f l o w rate rotameter should indicate,Q = f l o w rate indicated by wet test meter or gasometer,Tt = standard temperature (298 K or 537°R),Tm = meter temperature (water temperature for wet testmeter; room temperature for gasometer),Ta = room temperature,Pm = gas pressure during calibration (inlet pressure for wettest meter, barometric pressure for gasometer) (kPa,in water, mm Hg), andD = vapor pressure of water in the calibrating gas (kPa, inwater, mm Hg).

9.4 Prepare the calibration curve by best fit to all points. It
should be labeled "... at 25°C and 101.3 kPa (760 mm Hg).M

10. Keywords
10.1 calibration; f lowmeter; rotameter

A P P E N D I X
(Nonmandatory Information)

XI. DERIVATION OF F L O W M E T E R E Q U A T I O N

X l . l The equation is based on the premise that thecalibrated rotameter should read air f l o w correctly at standardconditions, as defined. Therefore, hi order to prepare thecalibration curve it is f irs t necessary to convert the wet testmeter or gasometer readings to the values that would be
indicated by the rotameter if it had been calibrated under
standard conditions. This can be done logically in several steps.First, the indicated values are corrected for the water vaporadded by the wet test meter or gasometer, assuming saturation,by operating with the factor

Pm-DIPm ( X U )
where:Pm = gas pressure during calibration (inlet pressure for wettest meter; barometric pressure for gasometer), andD = vapor pressure of water at 100 % R J L and tempera-ture Tm, minus the vapor pressure of water in thecalibrating gas.

XI.2 Next, the volume measured in the wet test meter orgasometer is corrected to what it was in the rotameter. Thisfac tor is:
TIT rvi ?i^f *H v™ * *^t

where:— room temperature, and= meter temperature (water temperature for wet testmeter, room temperature for gasometer).

XU This is what the rotameter should read but if it werecalibrated with air at standard temperature and used to measure
air at this d i f f e r e n t temperature, the viscosity e f f e c t would
cause a s l ight ly d i f f e r e n t reading. Since viscosity is propor-
tional to the square root of absolute temperature (independent
of pressure up to 10 atmospheres), the indicated f l o w wouldd i f f e r from actual f l o w by the factor

(XI .3)
. where: . ^-T, — standard temperature (298 K or 537°R)

X1.4 Putting these elements all together gives us die
equation indicated in the body of the method.

X1.5 Subsequent use of the rotameter normally involvestaking the indicated f l o w off the curve and correcting it to
standard conditions. The factor for this correction is:

Tfflf.^/TJT. (X1.4)
where:Pr = rotameter pressure, andP, = standard pressure (760 mm Hg or 101.3 kPa)

NOTE X l . l — In many cases,/*, is, or can be assumed to be, the same as
barometric pressure. However; when any question exists, and for highest
accuracy, a water manometer should be used, just downstream of therotametet
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_________REFLECTANCE S P E C T R O S C O P Y SCREENING FOR ASBESTOS IN SOIL__________

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
analyzing soil samples for asbestos-form mineral occurrence, to be used by employees of
U S E P A Region 8, or contractors/subcontractors support ing U S E P A Region 8 pro j e c t s and tasks.
This technique will be used as a screening tool to i d e n t i f y samples that contain asbestos-form
minerals. The spectral identi f i cat ion of asbestos-form minerals is limited by the analytical
instrumentation, the abundance of asbestos-form materials present in each sample, and the
physico-chemical (e.g., composition, moisture content, grain size distribution) state of the
material containing the asbestos-form minerals.
Thi s SOP describes the equipment and operations used for analyzing asbestos in surface soils,
which will produce data that can be used to support risk evaluations. S i t e - s p e c i f i c deviations
from the procedures outlined in this document must be approved by the U S E P A Region 8 On
Scene Coordinator, or Science Suppor t Coordinator prior to initiation of the analysis.

It should be noted that this procedure is continually being deve loped, and may be modi f i ed or
revised as needed. Any revisions to this SOP will be provided in the f inal report.
2.0 RESPONSIBILITIES
The F i e l d Project Leader (FPL) may be an U S E P A employee or contractor who is responsible for
performing reflectance spectroscopy analysis of asbestos in soil. The FPL is also responsible for
checking all work performed and verifying that the work sa t i s f i e s the s p e c i f i c tasks outlined by
this SOP and the Project Plan. It is the re sponsibi l i ty of the FPL to communicate with the F i e l d
Personnel regarding sp e c i f i c analysis objectives and anticipated situations that require any
deviation from the Project Plan. It is also the re spons ib i l i ty of the FPL to communicate the need
for any deviations from the Projec t Plan with the appropriate U S E P A Region 8 personnel (On
Scene Coordinator or Science S u p p o r t Coordinator).
All personnel performing re f l ec tance spectroscopy analysis are responsible for adhering to the
app l i cab l e tasks outlined in this procedure while analyzing samples.
3.0 E Q U I P M E N T
• Portable Spectrometer - Various models are acceptable and selection of the s p e c i f i c brand

and model will be recommended by the contractor per forming the analysis (CDM
Federal). The instrument must be able to detect spectral e f f e c t s in the 0.5 - 2.5 micron
wavelength region, at a resolution of 8 -11 nanometers.

• Gloves - for personal protection and to prevent cross-contamination of samples. May be
plast ic or latex. Disposable, powderless.

Technical Standard Operating Procedures cnp>j n T«!<5TISSI C o n s u l t i n g Group, Inc. S O P "0. ISSI-
Contract No. N00174-99-D-003 mAccountNo.:N120-023-003 Date: 1/2000
R : \ L i b b y A s b e s t o s \ S a m p l i n g V I R S O P . w p d Page 2 of 5



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_________REFLECTANCE S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL________

• Personal Protective Equipment - as s p e c i f i e d in the c o n t r a c t o r ' s H e a l t h and S a f e t y Plan.
• F i e l d notebook -used to record progress of analysis e f f o r t and record any problems and

f i e l d observations.
• Three-ring binder book - to store necessary forms used to record and track samples and

analysis results. Binders will contain sample logbook pages for tracking samples, and
data analysis sheets that record ref lec tance spectroscopy results for each sample.

4.0 INSTRUMENTATION
A hand-held portable spectrometer will be used to i d e n t i f y asbestos-form minerals. This
instrument must be able to detect spectral e f f e c t s in the 0.5 - 2.5 //m wavelength region, at a
resolution of 8 -11 nanometers, using a halogen light source. Reflectance data of the samples of
interest are compared to spectral standards in the United Sta t e s Geological Survey (USGS)
spectral library, using m o d i f i e d least-squares analysis techniques.
5.0 P R E C I S I O N AND A C C U R A C Y
The precision and accuracy of hand-held portable spectrometers is determined by the calibration
procedure and post-processing computer program selected by the operator. Precision and
accuracy requirements should be determined prior to analyzing any samples. The procedure for
optimizing resolution and decreasing signal noise and interference is described hi the
m a n u f a c t u r e r ' s operating manual.
6.0 M E T H O D O L O G Y
S a m p l e s are analyzed using a general purpose spectroradiometer that measures either relative or
absolute light energy. I n s i d e the instrument, l ight is p ro j e c t ed from the f i b er optics onto a
holographic d i f f r a c t i o n grating where the wavelength components are separated and re f l e c t ed for
independent collection by the detector. Spectral data are generated by converting incident
photons into electrons that are stored or integrated for read-out. At read-out time, the
photoelectric current for each detector is converted to a voltage and then digit ized. The digital
data is then transferred directly to the i n s t r u m e n t ' s computer memory. Spec tral data for each
sample is then compared to a library of spectra that have been generated for various minerals and
mineral classes.
6.1 S a m p l e Preparation
All samples will be prepared according to SOP #ISSI-LIBBY-01. F o l l o w i n g preparation, soil
samples will be analyzed using a hand-held portable spectrometer with a halogen light source.

Technical Standard Operating Procedures mnv-mISSI Consu l t ing Group, Inc. SOP No. ISSI-LIBBY-02
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
__________REFLECTANCE S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL__________

6.2 Analyt i ca l Procedure
The s p e c i f i c steps in c o l l e c t ing ref lec tance measurements are outlined in the m a n u f a c t u r e r ' s
operating manual. The f o l l o w i n g general steps should be f o l l o w e d :
1. Turn on the instrument
2. Turn on the computer
3. At the prompt, enter the controlling software
4. Enter experimental conditions. Posi t ion the instrument probe to view the radiant

source/sample that is being examined. The source must f i l l the f i e l d of view of the probe.
5. Optimize the unit for the l igh t ing conditions, and inform the software of the f oreop t i c

being used, if any.
6. Viewing the radiant source/sample, collect a white reference (e.g., Spectralon®)

measurement, and view the sample as if in the ref lec tance mode. If the s ignal/noise ratio
is not acceptable, increase the spectrum averaging.

7. Set up the spectrum averaging to fit the operating conditions. When the s ignal/noi s e ratio
is acceptable, go back to the raw data collect ion mode.

8. When all setup procedures are complete, and the unit is co l l e c t ing spectra, save data
regularly by pressing the Spacebar on the keyboard.

9. Periodical ly col lect Dark Current measurements, as described in the m a n u f a c t u r e r ' s
operating manual. Reoptimize in varying light conditions, or if any data appear
"truncated", i.e., if any spectral humps have f l a t tops.

Raw data can be processed into radiance data with the po s tproce s s ing uti l i ty, included in the
software package for each instrument. Correct setup procedures must be f o l l o w e d hi order to
calculate accurate data. F o r e o p t i c attachment selection, for example, cannot be forgo t t en or
misstated, as this program will not work if the unit is not calibrated for the f o r e o p t i c selected.
F o l l o w i n g analysis, record results for each sample on the data analysis sheets.
63 Data Presentation
S a m p l e results will include sample id en t i f i ca t i on numbers, a copy of the spectrum generated for
each sample, and a qualitative (e.g., presence or absence) or semi-quantitative (e.g., relative
abundance) indication of asbestos-form minerals.
6.4 Instrument Cal ibrat ion and Standard iza t i on
All spectra must be f u l l y corrected to absolute re f l e c tance be fore any analysis can be performed.
Reflectance measurements are made relative to a "white" reference material, such as
Spectralon®.

Technical Standard Operating ProceduresI S S I Consu l t ing Group, Inc. S O P N o J S S I . L I B B Y - 0 2
Contract No. N00174-99-D-003 rl?",™™Account No.: N120-023-003 Date: 1/2000
R:\Libby A s b e s t o s \ S a m p I i n g \ I R SOP.wpd Page 4 of 5



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_________REFLECTANCE S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL___________
Reflec tance is derived by the ratio of the sample to the reference material. Calibration
procedures are described in the m a n u f a c t u r e r ' s operating manual. The instrument must be
calibrated at the beginning of each sample analysis run, and repeated according to the
m a n u f a c t u r e r ' s recommendation.
7.0 PERSONAL HEALTH AND SAFETY
The contractor responsible for performing reflectance spectroscopy analysis must have a H e a l t h
and S a f e t y Plan in place prior to analyzing any samples. All personnel are required to f o l l o w the
procedures described in the H e a l t h and S a f e t y Plan.
8.0 S A M P L E L A B E L I N G AND D O C U M E N T A T I O N
Each sample must be labeled with a unique id en t i f i ca t i on number, as described hi the Project
Plan. All samples must be logged into the sample logbook prior to analysis, and results must be
recorded on the data analysis sheets. S a m p l e logsheets, and data analysis sheets will be
maintained hi a three-ring binder.
In addition, a f i e l d notebook should be maintained by each individual or team that is analyzing
samples. The f o l l o w i n g information must be recorded for each day that samples are analyzed.
1. date
2. time
3. personnel
4. calibration results, including what reference materials were used
5. ident i f i cat ion numbers for each sample analyzed
6. descriptions of any deviations to the Project Plan or this SOP and the reason for the

deviation
9.0 R E F E R E N C E S
Clark, Roger N. Spec t r o s c opy of rocks and minerals, and princ iple s of spectroscopy. USGS,
MS 954. 1999
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
__________REFLECTANCE S P E C T R O S C O P Y SCREENING FOR ASBESTOS IN SOIL_________

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
analyzing soil samples for asbestos-form mineral occurrence, to be used by employees of
U S E P A Region 8, or contractors/subcontractors supporting U S E P A Region 8 p r o j e c t s and tasks.
Thi s technique will be used as a screening tool to i d e n t i f y samples that contain asbestos-form
minerals. The spectral id en t i f i ca t i on of asbestos-form minerals is limited by the analytical
instrumentation, the abundance of asbestos-form materials present in each sample, and the
physico-chemical (e.g., composition, moisture content, grain size distribution) state of the
material containing the asbestos-form minerals.
This SOP describes the equipment and operations used for analyzing asbestos in surface soils,
which will produce data that can be used to support risk evaluations. S i t e - s p e c i f i c deviations
from the procedures outlined in this document must be approved by the U S E P A Region 8 On
Scene Coordinator, or Science Suppor t Coordinator prior to initiation of the analysis.

It should be noted that this procedure is continually being deve loped, and may be modi f i ed or
revised as needed. Any revisions to this SOP will be provided in the f inal report.
2.0 RESPONSIBILITIES
The F i e l d Project Leader (FPL) may be an U S E P A employee or contractor who is responsible for
performing re f l e c tance spectroscopy analysis of asbestos in soil. The FPL is also responsible for
checking all work performed and veri fying that the work sa t i s f i e s the s p e c i f i c tasks outlined by
this SOP and the Project Plan. It is the responsibi l i ty of the FPL to communicate with the F i e l d
Personnel regarding s p e c i f i c analysis object ives and anticipated situations that require any
deviation from the Project Plan. It is also the responsibi l i ty of the FPL to communicate the need
for any deviations from the Project Plan with the appropriate U S E P A Region 8 personnel (On
Scene Coordinator or Science S u p p o r t Coordinator).
All personnel performing ref lec tance spectroscopy analysis are responsible for adhering to the
a p p l i c a b l e tasks outlined in this procedure while analyzing samples.
3.0 E Q U I P M E N T
• Portable Spectrometer - Various models are acceptable and selection of the s p e c i f i c brand

and model will be recommended by the contractor performing the analysis (U. S.
Geological Survey S p e c t r o s c o p y Lab). The instrument must be able to detect spectral
e f f e c t s in the 0.4 - 2.45 micron wavelength region. Over the 0.4 to 2.35 micron
wavelength range a bandpass of better than 14 nanometers and spectral wavelength
sampling better than 14 nanometers is required. The bandpass and sampling may
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_______ R E F L E C T A N C E S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL__________

increase at wavelengths from 2.35 to 2.45 microns without detriment to mineral
id en t i f i ca t i on , if both bandpass and sampling remain less than 35 namometers.

• Gloves - for personal protection and to prevent cross-contamination of samples. May be
p la s t i c or latex. Disposable, powderless.

• Personal Protective Equipment - as s p e c i f i e d in the c o n t r a c t o r ' s H e a l t h and S a f e t y Plan.
• F i e l d notebook -used to record progress of analysis e f f o r t and record any problems and

f i e l d observations. *
• Three-ring binder book - to store necessary forms used to record and track samples and

analysis results. Binders will contain sample logbook pages for tracking samples, and
data analysis sheets that record ref lec tance spectroscopy results for each sample.

4.0 INSTRUMENTATION
A ref lec tance spectrometer will be used to i d e n t i f y asbestos-form minerals. T h i s instrument must
be able to detect spectral e f f e c t s in the 0.4 - 2.45 micron wavelength region, at a bandpass and
spectral wavelength sampling as s p e c i f i e d hi #3.0 above, using a light source that covers the
spectral range. Reflectance data of the samples of interest are compared to spectral standards in
the United Stat e s Geological Survey (USGS) spectral library, using standard spectroscopic
analysis methods.
5.0 P R E C I S I O N AND A C C U R A C Y
The precision and accuracy of spectrometers is determined by the calibration procedure and post-
processing computer program selected by the operator. Precision and accuracy requirements
should be determined prior to analyzing any samples. The procedure for optimizing resolution
and decreasing signal noise and interference is described in the m a n u f a c t u r e r ' s operating manual.
6.0 M E T H O D O L O G Y
S a m p l e s are analyzed using a general purpose spectroradiometer that measures either relative or
absolute light energy as a function of wavelength. Spectral data are generated by converting
incident photons into electrons that are stored or integrated for read-out At read-out tune, the
photoelectric current for each detector is converted to a voltage and then digit ized. The digital
data is then transferred to the i n s t r u m e n t ' s computer memory. Spectral data for each sample is
then compared to a library of spectra that have been generated for various minerals and mineral
classes.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_________REFLECTANCE S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL______
6.1 S a m p l e Preparation
All samples will be prepared according to SOP #ISSI-LIBBY-01. F o l l o w i n g preparation, soil
samples will be analyzed using a spectrometer.

6.2 Analyt i ca l Procedure
The s p e c i f i c s teps in c o l l e c t ing ref lec tance measurements are outlined in the m a n u f a c t u r e r ' s
operating manual. The f o l l o w i n g general steps should be f o l l o w e d :
1. Turn on the instrument
2. Turn on the computer
3. At the prompt, enter the controlling software.
4. Enter experimental conditions.
5. Position the light source to illuminate the s ampl e / r e f l e c t anc e standard.
6. Position the instrument probe to view the sampl e / r e f l e c t anc e standard that is being

examined. The s a m p l e / r e f l e c t a n c e standard must fill the f i e l d of view of the probe.
7. Optimize the unit for the l igh t ing conditions, as described in the m a n u f a c t u r e r ' s operating

manual
8. Viewing the re f l e c tance standard, collect a white reference (e.g., Spectralon®)

measurement. If the s ignal/noi se ratio is not acceptable, increase the spectrum averaging,
or integration time.

9. When all setup procedures are complete, and the unit is co l l ec t ing spectra, save data as
described in the m a n u f a c t u r e r ' s operating manual.

10. Col l e c t spectra of wavelength s tandards (e.g. as s u p p l i e d by the manufacturer), and
reference minerals a p p r o p r i a t e to the p r o j e c t , such as a tremoli te for asbestos f orm
mineral ident i f i ca t ion.

11. Periodical ly collect Dark Current measurements and white reference measurements, as
described in the m a n u f a c t u r e r ' s operating manual.

12. All spectra must be post processed to remove spectral e f f e c t s of the white reference
standard, e.g. as described in Clark et al, 1990.

Raw data can be processed into re f l e c tance data with a pos tproces s ing ut i l i ty such as commercial
software, spreadsheets or other established public software.

6.3 Data Presentation
S a m p l e results will include sample ident i f i ca t ion numbers, a copy of the spectrum generated for
each sample, and a qualitative (e.g., presence or absence) or semi-quantitative (e.g., relative
abundance) indication of asbestos-form minerals.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
_________REFLECTANCE S P E C T R O S C O P Y SCREENING FOR ASBESTOS IN SOIL
6.4 Instrument Calibration and Standard i za t i on
All spectra must be f u l l y corrected to absolute re f l e c tance before any analysis can be performed.
Reflectance measurements are made relative to a "white" reference material, such as
Spectralon®. The re f l ec tance of the standard must be removed from the sample spectra, as
described in Clark et al, 1990.
Reflectance is derived by the ratio of the sample to the reference material, and is usually
performed inside the instrumentation of modern commercial spectrometers. Calibration
procedures are described in the m a n u f a c t u r e r ' s operating manual for both wavelength and
intensity. The instrument must be calibrated at the beginning of each sample analysis run, and
repeated according to the m a n u f a c t u r e r ' s recommendation.
7.0 P E R S O N A L HEALTH AND SAFETY
The contractor responsible for performing ref lec tance spectroscopy analysis must have a H e a l t h
and S a f e t y Plan in place prior to analyzing any samples. All personnel are required to f o l l o w the
procedures described in the H e a l t h and S a f e t y Plan.
8.0 S A M P L E L A B E L I N G AND D O C U M E N T A T I O N
Each sample must be labeled with a unique identi f ication number, as described hi the Project
Plan. All samples must be logged into the sample logbook prior to analysis, and results must be
recorded on the data analysis sheets. Sampl e logsheets, and data analysis sheets will be
maintained in a three-ring binder.
In addition, a f i e l d notebook should be maintained by each individual or team that is analyzing
samples. The f o l l o w i n g information must be recorded for each day that samples are analyzed.
1. date
2. time
3. personnel
4. calibration results, including what reference materials were used
5. iden t i f i ca t i on numbers for each sample analyzed
6. descriptions of any deviations to the Project Plan or this SOP and the reason for the

deviation
9.0 R E F E R E N C E S
Clark, R . N . , T . V . V . King, M. K l e j w a , G. Swayze, and N. Verge, H i g h Spec tral Resolution
Reflectance Spec tro s copy of Minerals: J. Geophys Res. 95, 12653-12680, 1990.
Clark, R.N., G.A. Swayze, A. Gal lagher , T . V . V , King, and W.M. Calvin, The U. S.
Geological Survey, Digital Spec tra l Library: Version 1: 0.2 to 3.0 /*rn, U. S. Geological
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
________ R E F L E C T A N C E S P E C T R O S C O P Y S C R E E N I N G F O R A S B E S T O S I N SOIL__________
Survey, Open F i l e Report 93-592, , 1340 pages, 1993. Online at: h t tp:/ / sp e c lab . cr .u sg s .gov .
Clark, R.N. Chapter 1: Spec t ro s c opy of Rocks and Minerals and Principles of Spec t ro s c opy,
Manual of Remote Sensing, ( A . N . Rencz, ed.) John Wiley and Sons, New York, p 3-58, 1999.
Online at: h t tp:/ / spe c lab . cr .u sg s .gov .
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